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> ees 
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A. e3 WY 2ntord, [4 


CULVER STREBT WORKS, COLCHESTER. 
Om ADMIRALTY 4yD War Orvice Lists. 
ENGINES for Torpedo Boats, Yachte, Launches. 
BOILER FEED PUMPS. 

See Advertisement, pages 33 and 96. 


PATENT WATBR-TUBE BOILERS 
AUTOMATIO FEED REGULATORS, 


siege” nae 
iesel Driven ae 


And Auxiliary 





Two. 
230-250 Volta, D.C. (tn series 48080 vols), complete 


with Spare d Cendenser. 
Las on TU B ‘SRT, Witlans-B.0.C., 200 Ew., 
440/500 Volta. plete with Condenser,Pumps, &c. 


IN 
West Walls, Newcastie-on-Tyne. 


Brstel 


7969 





T ‘ools. 
Lrp. 
See Advertisement last week, page 153, 


(\ranes.—Electric, Steam, 
HYDRAULIC and HAND. 


of all ¢ vaLL and sizes. 
ancoen RUSSELL & CO,, 
lasgow. 


Preumatic 


Roce Dritts. 





Ltp., 
otherwell, aear 


STEEL TANKS, PIPES, GASHOLDERS, &c. 


dbs i & Co., Limited, 








BPM a wegen 1411 
week, page 129. 
Plenty and Gon, 
LiMiTED. 


MARINE ENGINEERS, &c. 


Newsury, Byve.axp. 9983 


Plank Locomotives. 
page 8 ye 


Main e Locomotives. 
R. & W. HAWTHORN, LESLIB & CO,, Lep., 
Eneivecns, NeEwCasTLe-On-TYNE. 8203 











((ochran er tt a 
See page 17. Bu = 8205 
Petter Qi By2sines. 


Manufactured by 3650) 
PETTERS Liuirep, Engi Yeovil, 


“ Qpenver- TJ opwood” Patent 


Sole Makers : Boilers. 
W. H SPENCER & ©O., Hiroarm, Herra, 
See page 15. 











[ nvincible (j:2use ({ lasses. 





BUTTERWORTH BROS, Ltd., 


arrow & Oo., Ltd., 


5 a memes AND ENGINEERS, 


SPEEDS ur 70 45 MILES AN HOUR. 
PADDLE OR "CREW STBAMERS OF 
HxceprionaL SHattow Draveur. 
Repairs on Pacific Coast 
by YARROWS, — Victoria, Britieh 


7160 
SHIPBUILDERS, Sur ae AND BNGIVEERS. 


MARCH 12, 1920. 
-j ohn Bellamy, L jmited, 


MILLWALL, LONDON, 8. 1216 

Gewxrat OonstrucTionslL BvGINEERS, 
Boilers, Tanks, & Mooring Buoys 
Sriuis, Perrot Tanks, Ark Receivers, STEEL 


Onpaneys, RIVETED STEAM aNp VENTILATING PIPES, 
Hoppers, Special Work, Reparrs or Ati Korps. 





(\ampbells & Hater, | Pros 
Gear Cutting. 
Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 
DOLPHIN FOUNDRY, LEEDS. 


“¥ achte, Launches, or ps 


Built complete with Steam, Oil oS 
Motors; or Machinery supplied. 


VOSPER & CO., Lrp., Broap Srreet, RRR oa. se 


Drop Forgings 


ome % BNGINEERING & FORGE = 
50, Wellington Street. Glasgow. 


Qi Freel “A ppliancee. 


PRESSURE, 
Rt 
TEAM 


4547 











SYSTEMS 


POR BOILERS OF ALL TYPES. 


Kermodes Limited, 
36, Tax TEMPLE, ser eon LIVERPOOL ; 
108, Purcuvace SYExer, Lonrpor. 
NAVAL OUTFITS A SPECIALTY. 
ocomotives Tank Engines 


aasigned and constructed 

MANNING, W. LS AND COMP. 
yne ne Works, Leeds Od 2487 

See their Illus. Adv: it, page 147, last week. 


RAILWAY AND TRAMWAY ROLLING STOCK. 


H=: Nelson & Co. | Passe 


Tux Giaseow Rotime Stock sNp ae 
MorTHERWELL. 


The ((ambridge and pai 
[2strument 


COMPANY, LIMITED. 


Works: Cambridge and 
New Southgate, London, N. 11, 


He=ry Butcher & Co., 


VALUBRS axp AUCTIONEERS 
to the i 
BNGINEBRING AND ALLIED TRADES. 
4180 FOR 


4018 





» LIMITED, 








81% 





[Tubes 


and Fittings. 


G tewarts and Lovds, 4 Pockets, and Su 


Glasgow and Birmingham. 


See Advertisement page 136. $187 


CO2 Pleats (oar) 


for Chemical Wks., gee Water Mfrs., Breweries, 
and all other _ eas a ey AND GENERAL 
Mr. Co., ton, London, N. 18, 


PD F.A. Wire ],\xtinguishers|: 
|B se ll gn Aciis. No Alkalis. 


— BririsH Fire Appui- 
anczs Co., Ltd., 109, Victor St. a eWare Cha 1. 
AE ROPEWAYS, C. ° 








teel (\astings. 
0 oe aunpuneoe & iowa? - 
ERSON . ABERDEEN 





[ihe Glasgow Railway 
ec aed 

Lendon Office— th aang 8.W. 

RAILWAY CARRIAGE, WAG WAGOR & TRAMWAY 


CARRIAGE 4 a HWAGON po ad also 
CAST-STEEL AXLE 


ement. —Maxted “fe ka 
Consulting Oemeat Engineers, ADVISE 
GUNERALLY Cement Schemes FOR 
ENGLAND AND ABROAD, ADVICH ONLY. 
Highest references. 








OCHANTIERS & ATSLIERS 


A teustin - NJormand 


67, rue de "(Frahee). HAVRE 


Boate, ate, Yachte and Fast Boats, 
and Submersible Boats. 
NORMAND'S saeades oe yg or Ol) 
Heating. Diese! O11 Engines 


Rebber MANUFACTURERS 


Valves and Packings 





0 i 


Limited, 
PEED WATER Seyi) 


SYPHONIA STBAM 
H UNMBETAL 
ATER SOFTENING and 
Y arrow Patent 
ater-tube 
Mews. TARROW & 0O., UNDBRTAKE 


OHLNING of the various 
oe ee ee he Steam 








raunow 2 G0, ~ mg 


Soorsrour, 
M2tthew pal & Co-, i 4 
Leverroup W: ouxs, Dumbarton. resp 
See Pull Page Advt., page 08 March 8, 


Prorenes. 


Walter a ; 














‘Dia Eee die 
8. cant jut Se atic) 
Time Record Recorder, as as New, 
guaranteed, latest model. 


a PuLLBY, 149, Porvingion Heed WO. he 
['aylor & Cihellen 


Presses. 


TAYLOR&CHALLEN, Lp., Engineers Brawimmonam 
See Full Page Advertisement, March 6. 


ailway 
G witches and 
(jrossings. 


T. SUMMERSON & SONS, 
DaRLiIneror, 








LIMITED, 
CIR toe 
R. > Pickering & & Co., Ltd., 
SUILDARB of haus AtCanaehae mee 
MAKERS of WHEELS and AXLES of all hinds, 
RAILWAY WAGONS FOR HIRB, 
Chief Works and Offices ; 
WISHAW, near GLASGOW. 
London Office : 8253 
3, m4 Sraeet, Weermineren, §.W. 
achine and Engineering 
M" eee: Bil all a ondertaken 


Also 


pains Soe 























Newton Heath Glass Works, PLANT anp MACHINERY. 8134 pape Sawnesg: & ae ahi arectenuaies 
‘ Manchester. Oa 9783 63and 64, CHANCERY LANE, W.0. 2. feces we wi eat 
}i\lectric ([ransporters. lectric iB; fts * | lectric Gre ranes. 8 -| Lem sinono, I|\raversers 

4 (UP TO 3% TONS.) (BLEOTRIO) dae 

8. H. HEYWOO . LED., : 8. H. HEYWOOD & 00., LTD., 8. H. HEYWOOD & CO., LTD, 

RE REDDISH. ~ wi #52 ‘HEYWOOD | a” ee 28, REDDISH. REDDISH, 

Jruller, Horsey, Sons & Cassell, a _ J. Davis, M.l. Mech.E., E,|[)redging plant 
SPROIALISTS AP tol + Gas Inspected, Tested 
in the pe Bangg? dag 4 e Tels OF ALL DESORIPTIONS, 
SALE AND VALUATION MGrest Masters oad, Stratford, B16’ i764 | FLOATING ORANBS, COAL BUNKERING 


PLANT AND MACHINERY 


and 
ENGINEERING WORKS. 
il, BILLITER SQUARE, B.C, 3, 


Iron and Steel 


‘['ubes and eae eee 





The Scottish Ty Tube Co., Lid. 
Heap » Ornice: 84, Robertson Street, Glaagow. 
See Advertisement page 111, March 5. 


Lpbrica ting Qis 


“Germ Pronses ” Oils 
GIVING 


Greatest Economy. 
Henry Wells Oil Co., 


ll, HAYMARKET, 8.W 


Re Wagon, Con apling 








WHLDLRSS CHAINS, Lrp., Coatbridge. 





(jeorge H: Alexander 
M &chinery | 4 


83-4, CoLesHixta. Sraeet, Brewinenam, 


Machine Tools. 


Smatt Toor, SprouaL Macunvres. 





——- 


Werf Conrad, 1 HOLLAND, 


ak wit Jntew Bron Br £0 LONDON, Me BO 2. 
half-page Advert. last next week. 

( ‘entrifugale. He 

Pott (Yassels & PV illiamson, | 4 








| 
NG. 6738 









> , 
he National Foremen’s 
ASSOCIATION or Tur 
BNGINEBRING AND ALLIED TRADES. 
(Registered u 


nder the Trade Union Act.) 
formed to look after the 
Supervisory Copy; 
Head Offices— 
81, High Holborn 
London, W.0. 1. 


An Association special 
interests of Foremen on t! 


ll com munications te— 
. W. REID 
General Secretary. 
net. C.K. Exams.— Over 300 300 
gg og AN emp rtaratee Coaching. 1 


red. .( 
tions ~ xo pe Atew open.— 
Address, 7434, Offices of BN@InExRIW 








rrespondence Courses for 


BSe., Inst. 0.B., 1, Mech. B., all ENGL 
NHRRING” BEAMS. 8 and 8 
pm Mn 


I., 8-10, “fenttord 


Beeadien 58, South MBE Street, I Liverpool. 842% 


nst. C.E., I. Mech. E., B.Sc., 


and all Ma Goeting Baas Bxaminations.—Mr. G. P. 
ue. Inst. C.B., F.8.1., 
ge A. PREPARES GaNbIDATMS personally personally 
or corres p 
}, a may tommence at any time par Victoria 
8t., Westminster, 8.W. 8304 


1D Seg ton 


Pract. Maths. and Calcilus. rae TONS, 
University Tutors, 254, Oxtord Ra., ester. 














TENDERS. 
BDMONTON URBAN DISTRICT COUNCIL. 
SYREN FOR SALR. 
The Council have 


Ro Disposal, a Steam Syren 
of Navy pattern, which may be seen at 
Deepham's Farm, Hdmonton, on application to the 
Council's Engineer, Mr. Curnsert Brown, Town 
Hal), Edmonton. 

Offers for same in sealed envelopes 
“ Syren," should reach me by Twelve o’olock noon 
on Monday, the 15th March. 

The Council do not bind themselves to accept the 
highest or any ig 

y ord 
FREDK. a: UAESOR, 


Town Hall, Edmonton. 
__ 2nd March, 1920. __ . FO 


North Eastern Railway.— 


WAGON WORKS, ZA SEOALS. 
DARLINGTON,—TO BUILDERS AND 
TRACTORS. The Directors are pre to Pe 
TENDERS for the BREOTION of b ten 
BUILDING WORKS at Faverdale, “—~ 
comprising: Yorge, Shops, Offices, ete., 
approximately a fileor area of 70,000 super "sents, oo 
tons of Cast Iron and 3, - tons of Steel and Iron. 

AROCHITSBCTU RAL ORKS :— BXCAVATOR, 
BRICKLAYER and MASON. CARPENTER and 
JOINER, SLATHR, PLASTERBR, PLUMBER — 
GLAZIBR, IRONFOUNDBR and PAINTER. 
BNGINBERING WORKS : Roar OVER 
SITE, DRAINAGE and BRAGH, ROAD 
MAKING, FENCING and GATES. and BAL- 

Plans and Specification may be seen, and Quanti- 
ties and further information obtained upon applica- 
tion to Mr. ArrHun PoLLarp, pany’s 
Architectat York on and after 15th March. Quan. 
tities supplied-on personal application to ee 
tendering for the whole ef the works. 
agg ogg marked “ Wagon Works, Darll 
a be sent to the Secretary at York not later theta 

ine a.m. on 12th April, The Directers do not 
biud themselves to cosens e the bane +4 any Tender. 


for the Secretary. 
York, 5th March 1920, 142 
OITY OF MANCHESTER, 





marked 





4. 


The "Gorpeention of the Manchest 
Corporation are prepared to receive 


[lenders in connection with 
th tructi f posed 
Generating “Hetion ot Barton-uped iewel oor 


Manchester, for :— 
1,—The CONSTRUCTION of a 





Oorrract No, 
NEW ROAD, including a Read and Railway 
Bridge over the Bridgewater Canal, a Cana’ 
Dock, foundation work and other works. 

Cowrracr No. 2.—STEBLWORK for Road and 

Railway Bridge over the Bridgewater Canal. 

Specifications, quantities and terms ot of Tender may 

be obtained on application to Mr, F. B. Huvenss, 
Rlectricivy 


Secretary, ment, Town Hall, 
Manchester, on payment a deposit of £2 9s. 04., 
which amount will be refunded on receipt of a dona 
eo —) 

rawings ma, seen at the offices of . 
Cc. 8. rer hay Bed Civil Hngineers, 46, Brows 
Street, Manchester, on and after Wednesday, the 
10th instant. 

Tenrers, duly endorsed and addressed to the 
Chairman of the Blectrictty Committee, must be 
delivered at the Town Hall Se than Twelve 
noon on Wrepwespay, the Mth ins 
- The firm entrasted with ey work will be required 
to enter into a contract to be prepared by the 


oie od tion do 
not bind themselves to accept | 24 
the lowest or any Tender. . 
THOMAS echoes =~ 


‘Yown Hall, ee ee 
Manch 


nohester. 
_ @th March, 1920, 


N. | issued, and none after Monda: 











L is prepared to receive 
enders from such 
eu, as may be WILLING to 


MILD og i SHERTS.:— 
Sie aio, by ate ey 5 8.W.G, 
The Conditions of sites seg Se obtained on 
lication to the DIRBECTUR-GBENBRAL OF 
STURES, India Office, Whitehall, 8.W. 1, and 
Tenders are to be delivered at that Office by Two 
o'clock p.m., on Thursday, the 18th March, 1920, 

after which time no Tender will be received. 
J. STEBVENS, 

Acting Director-General of se 





TYNEMOUTH CORPORATION ELEOTRICITY 
WORKS. 


SALE OF STBAM @ GENERATORS. 


The ee as of = County Berough of 
pared to receive 


(fers fo for "the f following Plant, 


Two nc oy and paw — Belliss 
STBAM GENERATORS, each Kw. Direct 
Current. The Holmes a4 a compound 
wound suitable for from 440 to 550 volts, and the 
ie 0 is compound wound for 500 

velte. 

The Engines are eh yee fer 150 Ibs. 
steam re and 100 ae superheat. They 
can be converted to triple if desired. 

The whole of the a ry re in oye be condition, 
and may be inspected, by mitment, at The 
Electri _& Works, Tynemouth. The Corporation 

- oe to receive Tenders for the whole or part 
by ort and if ee ier would sell the 
pe we and dynamoe separa 


Tender, comply 
the Council's Standing Order as to rate of 
conditions of 


THOS, ay ra 
Town Cler 


Town Hall, Hyde, 
3rd March, 1 Fin 
~KAMUNTING . : 


T'enders are Invited for the 


CONSTRUCTION, DELIVERY and BREC- 


‘TION of TWO BUCKET TIN DREDGERS for the 


above Company. vitations to der may be 
obtained on opeliitben to the. SECRET. BS, 
Messrs. Baigut & Gaiprairu, Ltd., 7, ‘6 
Lane, Cannon Street, E.C. 4, 

By Order of the Board 


BRIGHT & GALBRAITH, Erp., 
Seeretaric 


10th March, 1920. 
GRHAT NORTHERN RAILWAY CO. (IRELAND). 


TO BRIDGE CONTRACTORS. 
The Directors are prepared to receive 


f | Yenders forthe Reconstruction 
of a STBEL BRIDGE over the River Bann at 

Derive Dene a3 tio be inspected 

rawings and Specification may be in 

at the Engineer's Offices, at Dublin and Belfast, and 

copies of same, ether with Bills of Quantities 

and Forms of Tender, may be obtained from the 

undersigned on payment of st Guineas, which 

will be refunded on receipt of a bona fide Tender 

led by the Drawi 
“ **Tende 





rs made out on the ‘Forms Ben pone» by the 





For further on a ay he 4 dersigned 
Cc, TU muBoLy M.I. ae. hei 
‘ y Sat nn 
9th March, 1920. F 





CITY OF tt at WATER 
DEPA LBS MENT. 


COVERED SERVICE RESERVOIR AT 
HIGHTER’S HEATH, — YARDLEY WOOD 


The WATER COMMITTBR « of the CORPORATION 
OF BIRMINGHAM are prepared to r ve 


[renders from Competent 
wil to enter into a contract for 

ee PLBTION of the COVERED RESERVOIR 
and CONNECTIONS at Highter’s Heath, Yardley 
Wood, in the City of Birmingham. 

The wings may be seen and § 
Bills ‘or uantities — at these offices 
and after y, 3rd March, on “the deposit of 
the sum of £5 which will be returned after the 
receipt of a bona Ade Tender with the Bills of 
Quantities fully priced out. Tenders must be based 
upon the Drawings, Specifications and Estimates 
provided. Persons tendering will be required to 
quote for a quantity of material already on the 
ground as set out in the Specification. 

The site at eath may be inspected at 
an tea os wenges 

ly application io lars is necessa: 

only a limited number of oorsh Mach, mall be 

The Contractor will be required to undertake not 
te pay less than the min ya standard rate of 
aes eave current in the district in which the works 


fications = 


Sealed led Tenders 0d ay mdorsed 
“Tender for the Com of lighters Heath 
Reservoir,” are to be delivered at these offices at or 
before noon Fm mers 
Corporation a 
lowest or any Tender. 


Counell House, 
Bémund 8t., ee. 
bruary 2th, lo 


= 58 e 
MINISTRY OF MUNITIONS, 


BY DIRECTION OF THE DISPOSAL BOARD 
(Puayt aND Macurwery Sxcrion). 





SHIPYARD PLANT. 


Fer Sale by Public Tender, 


ng at 
pales sHiPVARD, CHEPSTOW. 


uantit, 4 h-class 
sHIPY RD » including— 


PIASE SDGR ainceen aichitines by Hugh 
mith. 
a SINKING MACHINES by John 


& Sons 
yoLTPLe LATE PUNCHES De 
OGHY and STANDARD type RADIAL DRI 


y, Aces uith, 

SCREWING MACHINES by Joshua Heap, and 
Kendall & Gent. 

SCRBEW-OCUTTING LATHES by Broadbent, and 
Graham & Normanton. 

siege SrRAIGHTENING ROLLS by Henry 





sap tere oe Tait. ae - 

on appl tion to the 

NTROLLE “Plant and Section, 
Cross ambankmeat — as Ww. a“ 2, 

be lodged not later 0 a.m., 


—. particulars of 


See 





should be delivered under sealed cover 
endorsed ‘‘Tender for Bridgework,” to the under- 
vif not later than Ten a.m., on Saturday, the 
ith b April, 1920. 

he Directors do not bind themselves to accept 
ine lowest or any Tender 
J. B. rarer. 


Amiens Street Station, 
Dublin, 10th March, 1920. 


COUNTY OF LONDON. 


The London County Council invites 


enders upon a Cost plus 
basis for the DEVELOPMENT of its 
NEW OuSING BSTATE at Dagenham, Essex. 

The work comprises: 

(a) Construction of arterial and development 
roads, sewers, bridges and other works 
incidental to the lay-out of an estate of 
a ximately 3000 acres. 

he erection or be erage 24,000 houses, 
and such Administrative buildings as may 

hereafter be determined 

The Contract is to be com pleted within five years 
from the date of the order to commence. 

The Council has pre _— a scheme in general 
outline, and firms desi to submit Tenders can 
obtain such rticulars .; are available upon 
application to THE ke sa gag te the Council, 
at the New County Hall, 8.E. 

Firms are invited to indicate the terms and 
conditions under — they would be willing to 
undertake the work 

Rego: on will only" be considered from firms who 

oe prunees to and can show themselves able to 
undate the organisation and completion of the 
entire scheme, 

The Contractor will be bound to 4 tee all work- 
men employed by him in and about the execution 
of the Contract, or any thereo 


f, wages at rates 
not less, and to observe hours of labour not greater 


jecretary. 
F 265 





(b) 


the | ban the rates and hours set pen the Council's 


list, and such rates of nd hours of Jabour 
will be inserted in and form pare ‘ot the Contract by 
way of Schedule. Tenders must be delivered not 
later than Four p.m. on 29th March, 1920. 
The Council does not bind itsel? to accept the 
lowest or any Tender 
‘JAMES BIRD, 


Clerk of the London County Council, 
County Hall, 


Sprin 
Moth | Mareh, 1920. " F259 





APPOINTMENTS ome. 
Large Firm of 
YOUTH or educa’ 
ude both wacha ¢ and pny office.— 


Address, 4359, "Otioe of BNGINEERING. 
THE ROYAL FECHBICAL COLLEGE, 





rs 





DEPARTMENT OF } OF METALLURGY. 
The Governors invite 


»| A Phaacete oy for the Pro- 


ESSORSHIP OF METALLURGY, vacant 
the transfer of Dr. C. H. Desch to the University 
of Sete. 
ee must be sent not later than 
oo to the DIRECTOR, The 
College, are, te whom inqu 
addressed. 


thau March 
1 Technical 
should be 
D 858 


CLERK OF WORKS. 

The Electricity Committee of the Manchester 
=| Rowize the Services of an 
= i nam CLERK of WORKS for 

e construction 


New Generating 
Station at thy tans 
ae should be be experienced in pee works 


aah ge 


Souiingta oe 
tn ioe ee 


retces tobe adaraeed 
+ endorsed 
delivered not later than the 
THOMAS HUDSON 
Town Clerk. 


Mead | Tom" BASatn Pebroary, 1900 


nen SS yaad gy Ae be 
the 





must « 
SUPER: 

t, Sout 
D 2 





BIRMINGHAM MUNICIPAL TROHNICAi. 
SCHOOL, 


A delicetions sn are Invited fo: 


Pe saa - 
commencing salary o; heed will be oest wt 
~~ nce of the aD) icants. pendent 

there a e it tim 
allowance of £74 to £78 pth ong Sileulen, 
may be obtained on app! tothe § 
a Tech School, Suffolk Street, 
irmingham. F 225 
y WIGAN AND DISTRICT MINING AND 
TBCHNICAL AL COLLEGE. 


anted, Engin neering Work- 
shop INSTRU ‘OR. 
licants should have good technical knowledge 
as — as wide practical experience 


Initial sainey = to 01260 according te qualification 
and ex aaeneners.. scale in ce with 
whieh —— wil be sugetihe is under review. 

Furth Pow lars may be obtained from the 
princreale to whom applications should be sent 
‘by March 22nd. F 262 


LEYTON aaa EDUCATION COMMITTER. 
LEYTON TECHNICAL INSTITUTE. 
Headmaster : P, J. Hater, B.Sc., A.M.I.Mech.E, 


APP. plications are Invited for 
an INSTRUCTOR im Workshop Drawin 
and other engineering meat at the > Day Engi- 
sewingend 7 ie School. Engineering éegres or 
works ex rience and teaching experience a 
recommen Initial salary from £200 to 2275 
according ep ane coors Scale under consideration. 
For forms of application send stamped addressed 


envelope to 
R. J. GELDART, 
Olerk to the Governors. 





in 





Town Hall, 
Leyton, E 
March te, 1920. F 212 


SUNDERLAND EDUCATION OCOMMITTER. 
JUNIOR TROHBICAL SCHOOL, 


A Pplications. a1 are Invited for 


POSITION of MASTER in the above 
School. ualifications 


Candidates must a, 
athematics 


and teaching bert av nee in 
— Experimental Mechanics, and some practical 
ence in nghusertoae 
lary scale for graduates or those with equivalent 
gualiica one, 2180, — by annual increments of 
10 to £220, and then by increments of £15 to £370. 
Experience’ inclading works <a 
maximum of 10 years, will be allowed te count in 
fixing the initial salary—e.g., with 10 "approved 
service the initial salary would be £310. 
Forms of application, with three nets or 
testimonials, to be returned to the u by 
. The date must be stated ¢ on which the 
applicant could take ee Se ait , if elected. 


Chief Education Officer. 


Education Offices. 
15, John Street, Sunderland. 
9th March, 1930. F 234 


MANCHESTER CORPORATION TRAMWAYS. 


APPOINTMENT OF OF CAR _— 
SUPERINTENDENT 


The a sat” > Committee mt Manchester 
Corporation invi 








pplications for the Position 
of WORKS SUPERINTENDENT for their 
per Road — ae and ring Works. 
Candidates must be thoroughly qualified Mechanical 
Engineers withe experience in modern machine shop 
practice, and must also beaccustomed to the contro! 
of workmen. 8 26500 per annum, plus bonus. 
Information as to the organisation of the Kolling 
Stock Department. indicating the pesition the Car 
Works Superintendent will be ex to fill, may 
had on a to the General Manager, 
Tramways Department, 55, wv Manchester. 
Applications ates of tare and accom- 
panied by copies of three pve testimonials, to be 
to the Chairman of the Tramways Com 

mittee, 55, “Piccadilly, Manchester, endorsed 
Works Superintendent,” and must be received not 
later than Monday, : 22nd March, 1920. Can 


will 
vassing will diaqualty: | 0MAS HUDSON, 


Town Clerk. 
Town Hall, Manchester, zs 
6th March, 1920. F 126 


Works Manager Wanted, to 

take complete charge of Machine Tool 

Factory employi 200 hands. — us oe ad 
references and sa required, 

Copthall Avenue, B.C. . F 25 

er.—L horoughly 

ergeti ‘AN, about 3% 

‘erred, “ie begs Gas A ~ os Masatestaring 

ompany, ence (a Pr whee enginetr- 


ing exp ge a 
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Automatic Sprinkler Protection. By Garuam Dana, 8.B. 
, the Underwriters Bureau of New England, 
Boston, Mass. Second edition. New York: John 
Wiley and Sons, Inc.: London: Chapman and Hall; 
Limited. [Price 17s. 6d. net.) 
THE information collected by Mr. Dana will prove 
of greater interest in America than in this country. 
For he has brought together with scrupulous care 
the details of the history of the development of the 
automatic sprinkler, designed as a protection against 
destruction of property by fire. This device has 
found very great favour in the States and has been 
extensively adopted, while with us it has enjoyed 
jess favour. The author, in his anxiety to furnish 
a complete record, has given the names of all the 
firms who have effected or tried to effect some 
improvement ‘in the apparatus, but only about a 
dozen English names appear in the list, and several 
of these attempts proved abortive. On the other 
hand, the American names are to be reckoned by the 
hundred. This neglect or. indifference is the more 
curious when it is remembered that one of the earliest 
forms of sprinkler, and certainly at the time one 
of the best, was the invention of an Englishman, 
Major 8S. Harrison. As far as the author has been 
able to discover the design was never used and 
never patented. With ordinary commercial pru- 
dence, this particular type would have proved a 
valuable property, as it was undoubtedly the first 
form of automatic sprinkler head invented. Apart 
from this early interest in a mechanism to prevent 
a fire from occurring, or to put a stop to a fire when 
it has occurred, the scheme ought to have been 
widely welcomed, as it constitutes a real and true 
form of fire insurance, so far as it secures the 
adoption of preventive and protective measures. 
The careful and judicious structure of buildings, 
or the methodical watching and inspection of 
premises, may also claim to be regarded as insurance, 
but the term as generally used is nothing more than 
a co-operative compact for mutual aid, and the 
fire insurance companies are merely the medium 
through which this operation for mutual aid can be 
conveniently effected. Such companies give a 
bond of indemnity for losses by fire to those who 
enter into this mutual arrangement, but such 
companies do not in any way insure against losses 
by fire, inasmuch as the money paid in indemnifica- 
tion is the property of the persons who have paid 
the premiums, and for convenience is handled by 
the companies. When a fire occurs the world is 
poorer by the amount which represents the difference 
in value between the original goods and the heap of 
ashes. No juggling with collected premiums can 
overcome this elementary fact. 
This commonplace seems to have been beter 
apprehended in America than here, or the necessity 
for a genuine insurance may have been more keenly 


experienced, owing to the larger number of wooden | 
buildings that were erected in the early part of last 


century. From whatever cause, the insurance 
companies, in the interests of their clients, have been 
.more willing to give discount in rates, wherever 
efficient sprinkling protection has been installed. 
This policy has operated in two ways. It has led 
to the efficient testing of water scattering devices 
with the continual elimination of inferior or obsolet 
patterns, and it -has also acted as a‘stimulus ‘to 
invention and the introduction of improvements by 
manufacturers. . It has created a market for the 
exercise of increased care and intelligence in sprink- 
ling design, and that incentive is absent here. The 
policy followed in England is quite different. The 
smal] percentage paid on ordinary structures proves 
that the companies conclude that not one house in a 
thousand will be destroyed by fire in a year, or in 
other words, that the life of a building could be 
reckoned at more than a thousand years. Conse- 
quently it is less expensive to let a house be destroyed 
at the end of that time than to maintain effective 
measures of protection throughout that period. 

The early preventive arrangements, consisting of 
perorated pipe systems through which a water 
supply could be forced under pressure, were rather 
crude. The general plan which varied only in details 
took the form of a series of parallel }-in. pipes, 
about 10 ft. apart, fixed near the ceiling or roof. 





Each pipe was perforated with holes ;'; in. tn diameter 
at 9-in. intervals. These lines of pipe were connected 
with a feed pipe of larger diameter carried down 
through the floors, or outside the building to a con- 
trolling valve, connecting the perforated pipe 
system with a hydrant or the main public supply. 
Sometimes elevated tanks were used, and then 
recourse to pumps was necessary. As might be 
anticipated, in many of the fires that occurred in 
buildings equipped with such systems, the valves 
were either forgotten or were not opened soon 
enough, or the small holes in the pipes were found 
to be clogged with rust and sediment, and the 
supply of water was insufficient. No detailed statis- 
tics are given to show the effectiveness of the 
arrangement, but reference is made to five fires, 
and in only one case did the perforated water pipes 
prove at all successful. 

Such failures pointed to the necessity of employing 
automatic sprinklers, a term applied to those 
devices that, when heated, to a predetermined point, 
will detach the restraining gear, and automatically 
release and distribute a stream of water. In early 
days, the automatic release was effected by burning 
a cord, or by the explosion of gunpowder, or by the 
expansion of a volatile liquid in a closed vessel. 
In general, however, flame was required as well as 
heat to ensure action of the mechanism, and these 
methods have all been abandoned in favour of the 
quicker and more reliable process, in which solder 
melts at a low temperature. The lowest melting- 
point of the solder permitted is 165 deg. F., and this 
is suitable for a room whose temperature docs not 
exceed 100 deg. F. In factories where great heat 
is experienced, solder melting at 280 deg. and 
360 deg. F. is used, but these are slow in operation 
and must be regarded as affording but a poor 
protection. In tests for sensibility, it was found 
that the time required to open the heads by the 
application of heat varied from 15 to 85 seconds, 
but the conditions of test did not resemble those 
that obtain in the case of an accidental fire. 
Obviously such conditions are difficult and un- 
desirable to produce, but when the imitation was 
more perfect the time required to bring various 
approved forms of head into action varied from 
64 seconds to 458 seconds. 

The }-in. diaphragm or ring nozzle outlet has 
been accepted as the usual standard ; several small 
sprinklers being more effective than larger outlets, 
and reliable tests show, allowance being made for 
slight variation in different makes, that a pressure 
at the sprinkler of 5 lb., ensures a discharge of 
approximately 15 gallons per minute, and for 
every 5 lb. increase of pressure, the discharge is 
increased about 4 gallons per minute. This gives 
some idea of the amount of water that will be 
available per sprinkler a few minutes after the 
outbreak has occurred, and experts must judge how 
far such a supply is likely to be effective. The 
author states, rather loosely, that statistics covering 
twenty years show, that about 50 per cent. of the 
fires that occur in sprinkler protected buildings are 
controlled by three automatic sprinklers or less. 
More accurate, but not very recent, statistics give 
the following comparison of losses by fire in buildings 
supplied with sprinklers and others not so equipped. 





Average loss per fire. 1877-1887. 
| 


| 1877-1894. |No. of fires. 





1360 dols. 
| 16°104 ,, 


205 
759 


Sprinkled Buildings ..| 1°081 dots. | 
dings. .| 1 


Unsprinkled Bui 7-613 , 





In addition it should be remarked that in pro- 
tected buildings there has been practically no loss of 
life, only 12 deaths are recorded in sprinklered 
buildings in thirty-eight years. 

The relative success of the different forms of 
sprinkler employed cannot be well determined, 
as in several cases the number of fires in which the 
sprinkler came into action is too few to give trust- 
worthy results, but the Grinnell head, operating on 
102 fires, gives an average loss of only 112 dols. 
per fire. 

The main principle underlying all successful 
automatic sprinklers has remained the same, since 
the days of the Harrison invention, and indeed the 
operation to ‘be effected is simple. But. the varia- 
tions in detail are bewildering. Some 450 patents | 





have been taken out in the United States since 1872, 
and though a good deal of ingenuity has been dis- 
played, but, little has been utilised. . Owing to the 
severity of the tests employed, the samples sub- 
mitted fail.in one or other of the requirements set 
up by the National Board of Fire Underwriters. 
Only 11 sprinkler heads appear on the approved list 
of this Board, and only about one-half of that number 
is extensively employed. 

The chapters on plans for installation and on'the 
lay-out of equipments are what we should expect 
from one who has made a minute study of the 
subject and is. writing a book of reference founded 
on lectures to third-year students on the subject of 
Fire Protection. |The descriptions are thorough and 
practical, discuss a great variety of conditions and 
embody the results of accumulated experience. 
The remarks on tanks and pumps seem particularly 
appropriate, though abbreviated in some details, 
owing to the circulation of rules for construction 
and maintenance of such apparatus by the National 
Board of Fire Underwriters, a Board that exercises 
a very salutory control over the installation and 
upkeep of fire-preventive systems. 

The position of these chapters in the book is not 
well chosen, as their insertion interrupts the history 
of the development of the mechanism of sprinklers, 
and the author has to resume the tale of invention, 
exhibited in the provision of a form of safeguard 
to intimate that water is flowing through the 
system. This usually takes the form of an alarm 
valve. It is easy to an electric bell, to be 
operated by the movement of a check valve, or by 
the closing of an electric circuit, through the action 
of water pressure on a diaphragm. The number of 
patents described seems out of proportion to the 
work to be accomplished. Many of these, however, 
are not commended, but are inserted by way of 
warning, for after the author has illustrated and 
described the several parts, a note will be appended 
that the arrangement is ‘ unsatisfactory ” or “ un- 
reliable,” or is “a menace to the system.” But the 
trustworthy fire alarm is a very valuable addition, 
for it not only gives warning in case of fire, but 
indicates when, owing to some accident as a broken 
pipe or leaking sprinkler, water is flowing through 
the system. When the fittings are constantly under 
heavy pressure, trouble is likely to arise from leakage 
which may cause damage only less than that of the 
outbreak of fire. The possible damage from leakage 
was in the early. days used as an argument by 
mill owners against installing a protective system, 
and now, though leakage has been reduced to a 
minimum, where the contents of a building are 
easily susceptible to injury from water, an additional 
insurance is often insisted upon. 

The inconvenience of leakage coupled with the 
danger of frost in the severe climate of the Northern 
States and of Canada, has led to the adoption of the 
so-called dry valve system, a device which has the 
apparent advantage of excluding water from the 
building. The mechanism is, however, slower in 
action than the ordinary sprinkler system, more 
complicated in construction, and likely to entail 
evils of its own creation. The central idea in the 
dry system is to fix a valve in the lowest level, and 
prevent any water rising above that point by 
pumping air into the pipes under pressure sufficient 
to hold the valve closed against the pressure of water 
on the other side. When a sprinkler opens under 
the action of heat, the air pressure in the pipe esca: 
until the tripping-point is reached, when the dry 
valve is forced open by the water pressure and the 
water flows into the pipes in the usual way. The 
maintenance of a sufficient air pressure is difficult, 
gradual and unobserved leakage reduces the pressure 
below the amount necessary to keep the valve 
closed, and the water fills the pipes, occasioning 


‘no damage at the time it may be, but destroying the 


safeguard the air pressure was intended to provide. 
Moreover, in practice the mechanism is so a 

that a moderate air pressure should hold up a much 
heavier water pressure. Not only is a heavy air 
pressure difficult to pump up, but where the volume 
of escaping air is large, the arrival of the water is 
delayed at a critical moment, and the rush of air 
tends.to fan and support the fire. The aim of the 
manufacturer is to arrange that 1 Ib. of air pressure 
should hold back 7 lb. of water, and though this may 

















332 


ENGINEERING. 





[ MaRcH 12, 1920. 








be effected in various ways, the design becomes 
complicated and requires much attention after 
fitting. The author describes many patents, but 
most of them are labelled “ unreliable.” 

Another plan for obviating troubles arising from 
water freezing in pipes is to combine a water-heating 
system with the sprinkler arrangement. This 
combination is a comparatively recent introduction, 
but is likely to meet with approval. One great 
difficulty has been to prevent the sprinkler head 

ing overheated by the circulation of the hot 
water, may attain a maximum of 245 deg. F., 
while the solder melts at 165 deg. F. This trouble 
has been effectively overcome by fixing the sprinkler 
head to an offset about a foot long, raised 3 in. 
above the pipe, or by using a curved offset of the 
“ ramshorn ” Practically it is found that 
these offsets become filled with air and ni 
gas, which act as a heat insulator. The device is 
as simple as it is effective, and is likely to bring 
this combined system into favour. For it is claimed, 
that in large establishments such installations are 
very economical, and that the general maintenance 
and supervision will be more thorough and syste- 
matic in an apparatus that is in daily use than in one 
whose neglect will not interfere with the successful 
operation of the plant. There is also less liability of 
serious obstruction remaining in the pipes without 
being discovered, as the fact would be declared 
by the pipes remaining cold where the circulation 
was obstructed. 

An automatic declaration of disordered arrange- 
ment, if it were possible, would be the most valuable 
addition to the protective system. Regular super- 
vision over an emergency outfit, which the owner 
never expects to use is very difficult to maintain, 
and the author’s chapters on this and cognate 
subjects are very instructive. The care exercised in 
order to ensure reliable fittings is most praise- 
worthy, but neglect by the individual will render 
oe the best devised schemes. This neglect 

indifference are so well recognised that the 
insurance companies have designed a plan of inspec- 
tion to insure that the sprinkler fittings are ‘main- 
tained in an effective condition. But even this 
supervision does not prove efficient. In 1917, the 
inspection of 3,650 installations revealed more than 
1,000 defects. The fire record tells the tale of neglect 
in @ different way. In twenty-two years, up to 
1918, the number of recorded fires in sprinkler- 
protected buildings was 20,097. In no less than 
895 cases, the apparatus failed to act ; in a majority 
of cases, either because the water was shut off the 
‘sprinklers or from defective equipment. To the 
credit of the sprinklers it is claimed that these 
practically or completely extinguished 13,103 fires, 
and in 6,000 other instances held the fire in check. 

The history of this praiseworthy attempt to check 
eonflagration was worth recording, and Mr. Dana 
has made the tale both interesting and instructive. 





Aeroplane Timbers. Their Structure, Formation and 
Mechanical and Commercial P: . By Grserr 
R. Keen. [Illustrated with 63 photomi 
raageoraly W. Rider and Son, Limited. 1919. [ 
6s. net. 


Severna books are before the public describing the 
structure of wood used in construction, with photo- 
micrographic illustrations to assist the identification, 
or to exhibit defects. The lane, however, is 
now a word to compel attention, and the author by 
limiting the scope of his work to the timber used 
in aircraft, addresses a deeply interested audience. 
All can remember the demand that arose for ash, 
when aeroplanes began to be constructed in large 
numbers, causing the country to be ransacked for 
ash of high quality that rose to heavy prices in 
consequence. Probably woods not generally in 
great demand were tried at that time of scarcity, 
and much information was collected that might 
be worth preserving. Experiments to remedy 
defects in some woods were carried out with happy 
results, and for others, difficult to procure, service- 
able substitutes were found. Prolonged scientific 
investigations were devoted to identification and 
standardisation of mah and other tropical 
woods, and no doubt the aeroplane industry bene- 
fited by such enlarged enquiry. But the infor- 
mation given here in rather a scrappy form is, we 
imagine, generally known to manufacturers and 





responsiblé officials, while those working under 
supervision would have little need of it. Doubtless 
in any untried extension of industry, the qualities 
and structure of the material used should be sub- 
mitted to a close examination, with the view of 
determining the most suitable, and aeroplane con- 
struction is no exception to this rule. Experts have 
been quick to recognise the most valuable qualities, 
and many of their conclusions are set out in this 
little book. At one time the maximum of stiffness 
with the minimum of weight was the object sought, 
but with the increase of engine power and the con- 
struction of larger machines, such specific qualities 
became of less importance and soundness, elasticity, 
and durability were more highly prized. But these 
are qualities which are always in demand whatever 
the construction, so that the author’s book loses 
much of its special character, but will be useful 
wherever the work of selection is carefully 
considered. 

It would perhaps have been more to the purpose 
if Mr. Keen had told us of the sources whence we 
are to supply our pressing deficiences of seasoned 
timber, from which we may select suitable members. 
This need will not grow less acute as time passes. 
We are in face of a world shortage, the more severe 
as the countries which have supplied the converted 
material are holding it up for the higher prices 
which must come. Our own possible output in the 
immediate future has been very much reduced 
by the heavy and immature felling which became 
necessary in the early part of the war, when the 
Baltic ports were closed and the French wood- 
cutters had to quit their forests to join the colours. 
Much of this home-grown timber, not all of which 
was commercially exploitable, has disappeared in 
the war furnace without serving any useful con- 
structive purpose, and the foreign sources from 
which we have drawn heavily and confidently in 
the past are practically depleted. The wanton 
destruction of forests in the Baltic provinces is 
pitiable to contemplate and disastrous in character ; 
no small portion of the forests of France and 
Belgium has been fatally damaged by German 
necessities and German cupidity. Norway and 
Sweden have over exported and cannot maintain 
their recent output. Canada will find a nearer and 
more remunerative market for her timber in the 
United States, as we shall find a more strenuous 
competitor. The future is foreboding, and with 
anxious haste but hampered by conflicting opinions, 
we are endeavouring to make some provision from 
home resources. But as our author reminds us, our 
timber has not been grown scientifically, and our 
sacrifice will be the greater on this account. Hedge- 
row, Park Trees and Coppice Trees are the divisions 
he recognises, and this nomenclature shows that 
shelter of crops and stock, amenity, and sport have 
been the guiding motives in planting our woods, 
rather than commercial or economic gain. 

The distinguishing feature of the book is the 
photo-micrographic illustrations, which give the 
structure and appearance of sections from the 


ce | Various trees, as seen under both high and low 


powers. Accompanying these illustrations, which 
are very well reproduced, are notes referring to the 
growth of the tree, the defects that mar its useful- 
ness or suitability, and the differences that will be 
found in the timber of the same species according 
to its habitat. The hard woods embrace the ash, 
walnut, hickory, mahogany, poplar, birch, tulip 
tree and rock elm. Among the list of soft woods, 
only two appear, the spruce, of which there are 
several varieties catalogued, and the Lawson 
cypress. (Cupressus Lawsoniana), not to be con- 
founded with the Louisiana red cypress (Taxodium 
distichum), a much inferior and unsuitable tree. 
The wood of C. Lawsoniana, on the contrary, is 
declared to have exceptionally good qualities, but 
unfortunately does not reach this country in large 
quantities. The result of mechanical tests made 
on this wood shows that the modulus of elasticity, 
modulus of rupture, and the compression strength 
are all higher and more satisfactory than was found 
in any of the spruces illustrated and described. 

Of the value of mechanical testing the author 
does not appear to have a very high estimate. He 
is disposed to trust the decision of the 


wood worker, who, by his continual manipulation ! 





of wood becomes practically “a human testing 
machine.”” When the wood cannot be submitted 
to any mechanical test on account of the injury 
it would suffer, this trained expertness in selection 
is of the greatest value. The expert craftsman 
cannot impart his methods or describe his impres- 
sions, but “ he will seldom, if ever, fail to select, 
when sufficient latitude for selection is given him, 
the most suitable wood for the work he is engaged 
upon, and such selected wood, if tested on a 
mechanical testing machine, would give the highest 
and best results.”” The mechanical] tests, however, 
are very well explained in the test, whether they 
be necessary or not. 

A short chapter on conversion follows, which, 
if it contains little that is new, gives many useful 
hints that are too often neglected. We are afraid 
there is sometimes a tendency on the part of the 
saw mill operator to attain quantity at the expense 
of quality. Some reference might have been made 
to the chemical utilisation of waste products, which 
must inevitably be produced in great quantities 
in all conversion of wood. Timber may be “ spoilt” 
by injudicious treatment, of which instances are 
given; it should not be wasted. Every particle of 
wood is a source of power, and finds many useful 
applications in manufacture and the arts. Its 
reappearance after metamorphosis, in a variety of 
useful applications. cannot be too fully insisted 
upon. In considering the operation of conversion 
this subject comes naturally to the fore, because the 
character and the value of the bye-products may 
decide the adoption of particular methods of treat- 
ment. The subject of seasoning might, too, have 
been treated more fully. To dismiss kiln-drying 
in two short paragraphs is to take an utterly in- 
adequate view of this important topic. Also we 
miss any reference to the application of preserva- 
tives and antiseptics to timber and to what extent 
artificial treatment might remedy natural defects. 
The technical side of the timber trade is in a back- 
ward state in this country, there is no effective link 
between the dependent industries and technical 
skill. This little book may do something to bridge 
the gap that separates them, and diffuse desirable 
information among the trades and professions whose 
progress depends upon an organised timber trade. 
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Action or Beet Putr on ConcreTe.—Contact with 
beet pulp has a deleterious effect on concrete says 
Engineering News-Record, New York. In Utah, near a 
beet-sugar factory, concrete roads over which pulp 
was hauled away by farmers showed severe pitting and 
wear. The spots, which were bunched towards the 
— of the road, Lag gg tarred, hy S although | the 

was parent! pai 
pret Be rp Fs Moy pre ea sep 
It is possible that Goce cman ree thoroughly 
cleaned before tar was applied here was also am 





examination m of a beet-pul: > an sly Idaho. 
ind isp onan Cb Remsen lanked 
embankment arises. have 


pore ap myn F ee san ation. 
The concrete was apparently of fair grade below that 
disintegrated. 
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A RECORDING SUBMARINE DEPTH- 
METER. 


By Gusert Coox, M.Sc., A.M. Inst.C.E. 

AmonG the many problems connected with the 
development of mine-sweeping appliances duri 
the war, the accurate measurement of the depth 
of towed bodies of various kinds, such as water kites 
and sweep wires, was of considerable importance. 
This was especially the case when it was required 
to devise a form of sweep suitable for “skimming ” 
over a British minefield laid for anti-submarine 
purposes in order to make it safe for surface craft 
without interfering with mines laid at a depth 
very little greater than the maximum draught of 
vessels likely to pass“@ver the field. It was also 
imperative to know, in the clearing of deep mine- 
fields, that the sweeping appliances were being 
towed at a depth greater than that of the deepest 
mines. 


The form of sweep in almost universal use by , 


the mine-sweeping service of this country has already 


| The 


| agsembled together, have a smooth stream-line 


profile. The central casting contains the whole of 
the depth recording mechanism, consisting of a 
piston working against a spring, whose movement 
is recorded by means of a pencil on a revolving drum. 
pressure of the sea water is admitted to th. 
piston through holes in the tail fins, direct access 
of the sea water to the plunger being prevented by 
_ the interposition of a thin rubber conical bag filled 
| with a heavy mineral oil. Leakage of this oil past 
the piston is negligible under the highest pressure. 

Access to the recording drum is obtained by 
sim ply removing the head, which is held to the body, 
when in use, Sage towing bracket, the joint being 
made by a rubber ring. 

The recording drum is rotated by means of a clock 
spring acting through a train of wheels, the speed 
being regulated by means of an air brake so as to 
give one revolution of the drum in about 1 hour. 
| By this arrangement the continuous rotation of 
the drum is unaffected by vibration in any direction. 
| The scale of depth is obtained by direct calibration 














| 
| 
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been described in EneGrvgErine,* and consists, 
briefly, of a steel wire rope towed by two vessels 
stéaming abreast of each other at a distance apart 
of 400 or 500 yards, the length of wire used 
being about twice the distance between the vessels. 
The sweep wire is carried down to the requisite 
depth at each side of the sweep by means of water 
kites, usually carried on a separate wire, the sweep 
wire itself passing through a ring attached to the 
kite. In this way the depth of the sweep can be 
very readily varied without interfering with the 
sweep wire. 

The depth of the sweep depends on a number of 
factors, amongst which are the size and length of 
the sweep wire, the distance apart of the vessels, 
the speed of sweeping, the amount of “ kite-wire” 
veered, and the type of kite used. It is of primary 
importance, in all mine-sweeping operations, to 
know what depth the kite will maintain under 
specified conditions, the sweep wire being assumed 
to be at an equal or greater depth. In the case of 
operations over shallow British minefields, it was 
also n to know the depth of the sweep wire 
throughout ite length. It was for this 
that the instrument illustrated in the adjoining 
engraving was designed by the writer and made in 
considerable numbers, at the Mining School, H.M.S. 
Vernon ; it gave excellent results. 

The conditions under which the instrument was 
used prevented the employment of any electrical 
system giving indications of the depth directly on 
board the sweeping vessels. It would obviously 
be impossible to carry electric cables to a number 
of instruments along the sweep wire without causing 
considerable disturbance to its normal ition. 
It was necessary, therefore, that each should be 
self-contained, and record the depth continuously 
over a sufficient length of time. The construction, 
moreover, should be such as to withstand con- 
siderable vibration without interfering with the 
clearness or accuracy of the record. In order that 
the attachment of the instrument to any part of 
the sweep should affect as little as possible the 
normal conditions, a shape offering small resistance 
to ite passage through the water was required, and 
a buoyancy only just sufficient to bring it to the 
surface in the event of the instrument breaking 
loose from its attachment. 

The manner in which these requirements were 
View ean ereeaily. seen. from the, sectional 

| annexed. outer casing of the instrument 
consists of three aluminium castings, which, when 


* See Exonrmenixe of February 28, 1919, page 273. 
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in still water by means of a sounding line. The 
maximum depth which can be recorded depends 
on the strength of spring used, and the instrument 
has been successfully employed at a depth of 360 ft. 
Its weight in air is about 30 Ib., and in sea water 
it has a positive buoyancy of from 2 lb. to 3 Ib. 





PROBLEMS OF LUBRICATION. 

THE complexity and difficulties of the lubrication 
question manifested themselves in a foreseen, 
though not intended manner, when Professor 
W. B. Hardy, Sec.R.S., of Cambridge, discoursed 
on “Problems of Lubrication” at the Royal 
Institution on Friday, February 27. For reasons 
which we shall presently explain Mr. Hardy dis- 
tinguishes between the invisible surface film and 
the visible fluid layer forming on other fluids 
or solids. In his laboratory he can eliminate the 
invisible film; he could not avoid it in the moist, 
dirty London atmosphere, penetrating into the 
lecture theatre of the Royal Institution, and he had 
to abandon some of his demonstrations in conse- 
uence. The invisible surface film is, of course, 
an old familiar friend or enemy. It was left to 
Mr. Hardy to prove that it plays an important part 
in lubrication, and his researches on the chemical 
nature of the problem promise to shed some valuable 
light on lubrication. 

Mr. Hardy started with the tea-cup experiment 
to which the late Lord Rayleigh drew attention 
again two years ago. It was, as the lecturer 


members of the Royal Institution, and between 
Kelvin and Rayleigh in’ particular, when they were 
taking tea, why a tea cup slips on its saucer when 
both are dry, whilst it sticks when wet. The 
obvious explanation seemed to be that capillarity 
was at work. But Rayleigh, by experimenting on 
the force required to make glass, etc., glide on 
glass, found that capillarity would only account for 
one-hundredth of the effect observed, and that 
friction was larger with a large dose of oil than 
with a small quantity of the same material, which 
was hard to explain. After showing the tea-cup 
experiment, Professor Hardy took a stout glass 
plate, rubbed it with a cloth, placed a glass bottle 
on it and inclined the plate; the bottle slipped 
readily, but when both surfaces were wetted, the 
slipping soon stopped. On a plate of dry ebonite 
the bottle would not slip ; it did slip on wet ebonite. 
On a plate of some material which Mr. Hardy found 
in the Royal Institution [probably a gutta-percha 
insulating compound used by Warren de la Rue, we 





explained a subject frequently discussed between |i 





understand] the bottle slipped, dry or wet. ‘Thus 
water seemed to act as a lubricant for ebonite, not 
for glass, and to be neutral for the mixed material. 
The question was, however, whether the effect was 
dependent upon the water or upon the surface con- 
dition of the solid. When the glass and bottle were 
thoroughly cleaned with soap and dried in pure air, 
the bottle would not slip until badly tilted ; it then 
really toppled over. In Cambridge such plates could 
be kept clean for hours, but notin London. When 
Mr. Hardy heated by a Bunsen burner the beam of 
turbid light issuing from a lantern, black smoke 
seemed to rise from the burner; the smoke was 
really optically-empty air purified burning the 
dust and in it. Pasteur first purified 
his air in his work on fermentation by" Passing it 
through hot platinum tubes, before he vered 
that filtering through cotton wool would do; Mr. 
Hardy demonstrated that such a filter also gave 
black clouds, In Cambridge he mented in 
wooden boxes (provided with windows) which he 
charged with hot dry clean air, passed through 
sulphuric acid and glass wool. When the glass was 
really “‘clean,” it could be kept clean in the box 


might have the thickness of 1 molecule only. ‘When 
a liquid spread on a liquid or solid, an invisible 
film was primarily formed, driving away any dust 
particles on clean water. Sometimes the drop, put 
on the water or glass, itself expanded 

into a visible layer, probably hundreds of times 
thicker than the invisible layer. Paraffin of high 
boiling’- point, for example, would not visibly 
spread on clean water; a paraffin containing 
constituents of low boiling-point would spread, 
probably by condensation of the vapour liberated. 
When Mr. Hardy placed a drop of coloured acetic 
acid on the corner of a clean glass plate, in the 
centre of which a drop of benzene had previously 
been put, the acetic acid spread immediately in a 
visible layer driving the benzene out of the field. 
But there would be no visible spreading if the 
moisture were entirely excluded. The visible layer 
might afterwards contract and separate into beads 
which, ongmecnaeee another, united to drop. 

In investigating 

Mr. Hardy pulled a watch glass like a boat, with ite 
curved surface over a plane glass; by pouring fused 
lead into the hollow and attaching a hook to it, 
the watch glass is converted into a loaded “ slider,”’ 
Such a slider would not slip on clean glass ; it seized 
at once, forming a scratch. Examined under a 
microscope (magnification 1,000) the scratch was 
seen to begin as a fine thread which widened into 


determine its limiting friction, and he selected 
bismuth (plates and sliders) for further experiments, 
in the first instance because bismuth is a distinctly 
crystalline metal. The choice proved fortunate ; 
bismuth was easily “cleaned”—why, Mr. Hardy 
could not say, and he had studied some hundred 


dropped on the surface with glass rods, solids 
dissolved in ether, alcohol or benzene (which them- 
selves proved inactive like water). 

From these ¢ ts Professor Hardy con- 
cluded that fluidity had no connection with lubri- 
cation, whilst chemical constitution had a decided 

otting the coefficients of friction 
against the molecular weights of the substances, he 
observed that the paraffin hydrocarbons CnH,, , , 
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nereased with the molecular weight. It was further 
remarkable that there was no discontinuity in the 
curves, when he from liquid to solid paraffins. 
These compo were of the simple chain type, 
with a tetravalent carbon all saturated by hydrogen 
atoms in the same way. Closed ring compounds like 
benzene, naphthalene (two benzene rings or hexagons 
joined), anthracene (three rings) also gave linear 
curves. But when he replaced the hydrogen by the 
hydroxyl group (OH) to uce alcohol, or by the 
carboxyl group (CO.OH), the curves were still 
regular, but no longer straight lines, and a note- 
worthy difference between ring compounds and 
chain compounds became manifest, though again 
there was no discontinuity as to liquid and solid 
substances, In chain compounds the presence of 
both the OH group and the CO.OH improved the 
lubricating value, and the introduction of both the 
groups was better than either alone. In benzene- 
ring compounds, on the other hand, the introduc- 
tion of either OH or CO. OH impaired the lubricat- 
ing yalue. These experiments so far concerned one 
variable only, The effect of temperature and of 
other factors would have to be studied. 4 - 

Mr. Hardy has not yet experimented with steel 
and other metals, and he dwelt upon the complexity 
of the nomena. But his researches are very 
remarkable, and they will have to be thoroughly 
taken up by chemists. They show that he was fully 
entitled to call in the first instance for a thorough 
chemical investigation of the lubrication problem 
at the recent discussion on Lubrication by the 
Physical Society, on which we commented in our 
issue of 5 last, page 755. 





SPUR AND BEVEL GEAR TESTING 
MACHINE AT THE NATIONAL PHYSI- 
CAL LABORATORY. 

By T. E. Sranton. 

Tue worm gear testing machine designed by 
Mr. F. W. Lanchester and 
Physical Laboratory by Daimler Company, in 
1912, has proved of great service not only in fulfill- 


ing the purpose for which it was designed, but for 


For some time past 
the need has been felt for a similar machine for the 
determination of the efficiency of spur and bevel 
gears, and some consideration has been given to the 
essential features of such a machine. Chief among 
these is the for the measurement of the 
ratio of the terques of the driving and driven shafts 
to a high degree of accuracy owing to the fact that 
in modern gears efficiencies of 95 per cent. and above 
are quite common. A little consideration will show 
that separate determinations of the torque in each 
shaft by any of the well-known methods would be 
liable to give misleading results unless the accuracy 
of the measurement in each case was within a small 
fraction of 1 per cent. of the true value. For 
example, it is easily seen that in the case of a gear 
whose true efficiency was 97 per cent., even if the 
torques could be measured to an accuracy of + 0-2 
per cent., the experimenta! determinations of the 
efficiency might range from 96-6 per cent. to 97-4 
per cent. It is evident, therefore, that the ordinary 
methods of ue measurements in which the error 
may be 2 or 3 per cent. of the true value, are 
useless for the purpose, and that a method of more 
precision is required. One such method which ha 
been successfully used by Mr. Lanchester in his 
worm gear testing machine is the direct measurement 
of the ratio of the torques. In this machine the 
gear-box is supported in a cradle and ball bearings, 
which are equivalent to a gimba. arrangement with 
practically frictionless joints. Further, by the 
introduc’ of universal joints in the driving and 
driven shafts, as indicated in the diagrammatic 
sketch of the machine shown in Fig. 1, no constraint 
is imposed by these shafts on small oscillations 
of the gear-box about its mean position and, 


and the ratio of its components about these axes 
will be the ratio of the torques on the shafts. The 
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method by which this ratio is read off directly from 
the horizontal distance of the balance weight W from 
the axis of the driving shaft, will be clear from the 
sketch. In the actual machine, when running, it 
is ible to measure this ratio with an accuracy of 
0-2 per cent., so that if the true efficiency of the 
gear is 97 per cent. the measured value may range 
between 96-8 per cent. and 97-2 per cent., which, 
it may be noted, involves the possibility of only 
half the error which might be incurred by the method 
of a separate determination of the torques to the 
same of accuracy. This method is, however, 
not applicable to the case when the driving and 
driven shafts are parallel, and for the machine at 
the National Physical Laboratory it was decided to 
attempt to obtain a measure of the difference of the 
torques which, together with an estimation of one of 
the torques separately, would give the data for the 
calculation of the efficiency. It will be evident that 
in this case the high degree of accuracy required in 
the previous example is not essential. Thus, sup- 


Fig./. 
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ing that the true efficiency of a gear is 97 per cent., 
and that the determinations of the torque and torque 
difference are each within + 2-5 per cent. of the true 
values, the estimated values of the efficiency from the 
observations may range from 96-9 to 97-1, which is 
of a higher degree of accuracy than that obtained 
by measuring the torque ratio to an accuracy of 
+ 0-2 per cent. It was considered, therefore, that 
the method would give determinations of efficiency 
to a high degree of accuracy if some convenient way 
of determining the torque difference could be devised. 
Another consideration of importance was the 
adoption of the principle, embodied in the Lanchester 
worm-gear testing machine, of placing the gear in a 
power circuit so that the driving motor was only 
required to supply the loss of power which took 
place in friction, and thus rendered an absorption 
dynamometer unnecessary. The method of doing 
this in the Lanchester gear is by so arranging the 
diameters of the pulleys connected by the belt E 
that the velocity ratio of the belt drive is about 
5 per cent. greater than that of the gears. In this 
way the friction due to the slip of the belt over the 
pulley on the driving shaft supplies the greater part 
of the driving torque of the gear under test. 

After some imi experiments on the 
measurement of torque differences in parallel shafts 
connected by spur wheels, it was thought that the 
experimental difficulties could be successfully over- 
come, but as the cost of a machine of the dimensions 
required for testing commercial gears of widely 

iffering types and powers would be considerable, 
it was decided to construct a machine of about 
1-h.p. capacity in order to demonstrate the practical 











value of the principle to be employed. This was 
the more to be desired since it was very probable 
that experience in the use of the small machine 
would bring to light difficulties which had not been 
anticipated, and which, if found to exist in the large 
machine, might be very expensive to remedy. 
This small machine as arranged for the test of a spur 
gear is illustrated in Fig.2. It will be seen that the 
frame carrying the under test is entirely 
supported by a horizontal knife-edge and that both 
driving and driven shafts are provided with universal 
joints at each end. In this way it is possible for 
the frame to execute small oscillations in a vertical 
plane about its neutral position. The adoption of 
an intermediate wheel is rendered necessary by the 
fact that in order that the reaction on the frame 
should be equal to the difference on the torques on 
the driving and driven shafts, it is essential that the 
shafts should rotate in the same direction. When 
rotating in opposite directions the reaction would be 
the sum of the torques, the measurement of which 
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to the degree of accuracy here obtained, is, as 
explained above, of no value for the purpose of an 
accurate determination «f the efficiency. The frame 
is provided with an oil dash pot for damping the 
oscillations and a scale pan and scale for measuring 
the torque difference. The torque indicator for 
the driving shaft is of novel design, and is illustrated 
in Fig. 3. The torque is transmitted from the driving 
shaft to the first wheel of the gear by means of two 
coiled springs in the box A. These springs are of 
equal dimensions, one left-handed and one right- 
handed, and it will be seen from the sketch that 
@ pure couple is transmitted. The driving shaft 
is continuous through the wheel, as shown, and 
terminates in an enlarged portion on which a double 
spiral groove of 2 in. pitch is machined. This is a 
good sliding fit in an outer sleeve fixed to the gear 
wheel and rotating with it and which carries the 
torque indicator. This sleeve is provided with two 
longitudinal slots in which the two studs attached 
to the torque indicator slide, the a of or 
studs projecting into the ves of spiral an 
being provided with ‘hardened steel rollers It will 
be clear that the relative motion of the spiral groove 
attached to the driving shaft and the outer sleeve 
attached to the gear wheel will cause an axial motion 
of the torque indicator, and that by calibration the 
value of the torque can be read off on the scale shown 
when running. It was found that this torque 
indicator worked extremely smoothly and with very 
little hunting. 

The t of the power circuit will be 
clear from the plan and end view. Figs. 3 and 4. For 
the return of the power from the driven shaft to 
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the driving shaft a friction drive is employed. The 
two outer wheels are of cast-iron and have a velocity 
ratio about 5 per cent. greater than that of the gear 
under test. The bearings of these wheels are carried 
by rocking arms which give freedom of movement in 
the vertical plane about pin joints in the supporting 
bracket, Fig. 5. The intermediate wheel is of red 
fibre, and is carried in a similar bearing, which is fixed 
to the supporting bracket. The hinged bearings are 
connected by a steel rod passing through the forks. 
The tension in this rod can be adjusted by means of 
the wing nut shown, the elasticity of the connection 
being supplied by the insertion of a beam spring at 
one end of the rod. By varying the tension in this 
rod the power passing through the gear can be varied 
over a fairly wide range, the upper limit of which 
will, of course, depend on the limiting frictional 
resistance of the fibre wheel. In making a test, 
the most convenient method is to place weights in 
the scale pan corresponding to a given torque 
difference, and then to regulate the tension ia the 
rod by means of the wing nut until the frame is 
exactly balanced with the pointer at the zero of the 
torque difference scale. A reading of the torque 
indicator will then give all the data for the deter- 
mination of the efficiency. 

A test on a set of mild steel wheels out with B. and 
8. standard involute teeth of the dimensions stated, 
gave the results recorded in the next column. 





Driving and driven wheels, diametral pitch 14, 
No. of teeth 60, pitch diameter 4-286 in. 
Intermediate wheel, diametral pitch 14, No. of 
- teeth 75, pitch diameter 5-357 in. 
Revolutions of shaft, 1,230 per minute. 
Measured torque in driving shaft, 4-28 ft.-Ib. 
Soa Oe and driven shafts, 
0-88 ft.-lb. 
Horse-power transmitted, 1. 

From these observations the torque in the driven 
shaft is seen to be 3-40 ft.-Ib., and the combined 
efficiency of the three wheels is 79 per cent., giving 
an efficiency of transmission for each pair of wheels 
of 89 per cent. - 

It is obvious that the machine can be easily 
adapted for the testing of bevel gears and chain 
drives, and in the new machine which is under 
construction at the National Physical Laboratory 
provision will be made for tests of this nature. 


POSITIVE RAYS. 

Ar the Royal Institution on Saturday last 
Professor Sir J. J. Thomson, O.M., Pres. Roy. Soc., 
delivered the third lecture of his course on the above 
subject. 

In commeneing his lecture, Sir Joseph Thomson 








said that on the last occasion he had described | i 


the methods by which the different varieties of 
positive rays were separated out from one another 
by subjecting them to the action of electrical and 





same kind, but were moving with different velo- 
cities. At E an electric. field was established, 
which deflected the rays in the plane of the paper as 
indicated. A quickly-moving particle being defleoted 
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placed perpendicular to the rays. Where wide 
separations were aimed at, however, the method 
had great advantages. Another advantage of the 
method was that the hole through the cathode could 
be replaced by a comparatively long slit, which gave 
a line instead of a point on the photographic plate. 
The great improvement in the separation effected 
would be seen on comparing Figs. 2 and 3. Of these 
Fig. 2 was obtained some years since by the speaker 
in examining, by the positive ray method, some 
residual gases distilled from liquid air, for which 
he was indebted to Professor Dewar. The upper- 
most line shown was due to neon, and the speaker 
noticed that this line was always accompanied 
by @ fainter companion line clearly shown on the 
slide, just below the strong neon line. A measure- 
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ment of the photograph indicated an atomic weight 
of 20 for neon and of 22 for its companion line, and 
it seemed probable that the gas was really a mixture 
of two constituents. Mr. Aston then took.up the 
matter and tried various methods of separating these 
two constituents. He spent a great deal of time, 
ingenuity and energy in the attempt to do this by 
diffusion, but it turned out that the two consti- 
tuents were too nearly of the same atomic weight for 
this to be feasible within an ordinary lifetime. 
Mr. Aston accordingly determined to employ another 
method of attack, viz., to develop the positive ray 
method of determining atomic weights, so that the 
results could be relied upon to within an error of 
fy Of 1 per cent. A comparisor with the atomic 
weights as found by ordinary chemical methods 
would then settle the question as to whether or no, 
neon was & mixture of two gases, with almost iden- 
tical properties. The ordinary chemical methods 
gave 20-2 as the atomic weight of neon and the 
dispersion achieved by the ordinary ‘methods of 
positive ray analysis was insufficient to make it 
quite certain whether the atomic weight correspond - 
ing to the neon line in Fig. 2 was 20 or 20-2. By 
-increasing the dispersion Mr. Aston was able to show 
positively that the heavy neon line in Fig. '2 was 
due to a particle with an atomic weight of 20, and 








the fainter companion line to a particle with an 
atomic weight of 22. One of Mr. Aston’s photo- 
gtaphs is reproduced in Fig. 3. Taking the 
lower of the three groups of results shown on 
the figure and the fourth band counting from 
the bottom, we had, the speaker said, on the 
left five bands which were due respectively to 
Carbon; CH,; CH,; CH, and CH,, having 
atomic or molecular weights of 12, 13, 14, 15 and 
16 respectively. They were separated by equal 
intervals each corresponding to an increase of one 
unit in atomic or molecular weight. The two neon 
bands were shown further along to the right, and it 
would be seen that they were now widely separated. 
That furthest to the right was due to the companion 
line, and measurement showed its atomic weight to 


Fig. 4. 


be exactly 22 and that of the neon constituting 
the bulk of the mixture to be 20. 

With the older method of positive ray analysis 
it was common to find on a plate (as in Fig. 4 
reproduced from our last issue) lines correspond- 
ing, say, to an oxygen-atom with an atomic 
weight of 16, and, in addition, a line also due 
to oxygen, with an apparent atomic weight of 8. 
This was due to an oxygen atom carrying two 
charges and, in general, positive rays of all kinds 
had the property of acquiring two or more charges. 
Hence, if a line appeared corresponding to neon=20, 
there ought also to be a line corresponding to an 
atomic weight of 10, really due to neon carrying two 
charges. Such a spot was shown to the left of the 
3rd band of the middle group of records in Fig. 3. 
The next spot to it was produced by the companion 
carrying two charges and having therefore an 
apparent atomic weight of 1l. Next to this came 
the spots due to carbon, CH,, CH,, CH, and CH,. 
The companion line it would be seen, was just half- 
way between the first spot and the carbon spot. 
It was useful, in experiments of this kind, to intro- 
duce into the tube a little hydrocarbon so as to get 
the reference spots for the carbon line and its com- 
pounds with 1, 2, 3 and 4 atoms of H. Ascale 
was thus provided on the actual record, which made 
measurements easy. Other reference points could 
be got by adding water vapour which gave a line 
corresponding to an atomic or molecular weight of 
18 and hydroxyl corresponding to 17. 

Proceeding in this way, step by step, it was 
possible to get on the plate definite atomic weights 
of every kind, and most interesting results had been 
obtained, to which he proposed to return on a future 
occasion. 

For the present, however, Sir Joseph continued, 
he wished to say a word as to other methods of 
positive ray analysis which, for certain purposes, 
had some advantages over the photographic methods. 
These latter suffered from the drawback that it 
was impossible to infer from the strength of a line 
on the photograph the number of particles respon- 
sible for its production. There were, it turned out, 
extraordinary variations in the sensitiveness of 
photographic plates to the impact of various kinds of 








positive particles. With all makes of plate, however, 
the hydrogen line was marked, although the gas 
might be present only as an impurity; persisting 
in spite of every effort made to get rid of it. Thus. 
generally, it was impossible from the appearance of 
@ photograph, to get any positive information as to 
the proportion of any particular constituent of the 
gases in the tube. 

This, however, could be obtained in another 
way. The photographic plate was replaced by a 
metal sheet, in which a parabolic slot was cut, 
occupying accurately the position of one of the 
curves shown on a corresponding photographic plate. 
By adjusting the strength of magnetic field, the 
parabola, corresponding to any constituent whatever 
of the gas, could be made to fall on this slot. The 





























particles which pessed through it were caught in a 
suitable receptacle, to which they gave up their 
charge. The charge collected in a given time was 
then proportional to the number of particles passing 
through the slot. 

The results of experiments of this kind were 
represented by the curves shown in Figs. 5 and 6. 
In Fig. 5 the mixture consisted of one part of 
hydrogen to two of oxygen. In a photographic 
record the hydrogen line would, in this case, be very 
much stronger than the oxygen line ; but, in Fig. 5, 
the peak on the left which was due to the hydrogen 
molecule was much lower than the great peak on the 
right, which represented the charge carried by the 
oxygen molecule. The intermediate peak was due 
to oxygen atoms. The ratio of the height of the 
peaks due, respectively, to the oxygen and the 
hydrogen molecules, was not very different from 
two to one, which was the proportion of the two 
gases in the tube. In Fig. 6 the mixture consisted 
of two parts of hydrogen to one of oxygen. The 
peak on the extreme left represented the charge 
carried by the hydrogen atom, and the higher 
peak nearby that due to the hydrogen molecule, 
whilst the two peaks further to the left corre- 
sponded to the charges carried respectively by the 
atoms and by the molecules of oxygen. The 
results of a similar analysis of phosgene gas were 
represented in Fig. 7. Here the principal peak was 
due to chlorine, which, accordingly, carried most of 
the charge. 

This method of analysis, though it gave informa- 
tion as to the proportion of the gases constituting 
the positive rays, was less sensitive than the photo- 
graphic process, and more troublesome to work. 
An exceedingly high vacuum was necessary, or some 
of the particles would lose their charge whilst in 
transit. It had, however, the advantage that _ 
rays did not need to possess any large amount 0 
energy. For photographic records, the voltage 
needed between terminals was at least 2,000 volts, 
and generally much more was used, otherwise the 
particles would make no impression on the plate. 
The “electrostatic” method just described could, 
however, be adopted, not merely in high tension 
experiments, but wherever ions existed in @ gas, and 





MARCH 12, 1920. ] 


ENGINEERING, 


337 








he believed that in this way a very wide field was 
opened up to positive ray methods of analysis. 
In particular, the method promised to be of great 
service in investigating the processes going on, when 
two combined chemically. Chemists were 
agreed that the phenomena then involved were 
much more complicated than would be thought 
from the equations given in the text-books. ‘All 
kinds of intermediate products were produced, the 
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nature of which had hitherto been purely a matter 


forspeculation. By positive ray methods of analysis 
these could be sorted out, but the natural regime 
of the reaction must not be altered by the effects of 
high-tension discharges. 

In ordinary positive ray work, the high-tension 
electricity produced the ions, collected them and 
drove them through the perforated cathode, with an 
energy sufficient’ to affect the photograph plate, 
which was used as target. With gases in the 
act of chemical combination, however, ions were 








liberated in the process, so that one function of the 
high-tension commonly employed was unneeded. 
It was-still, however, necessary to collect the ions 
and drive them through the narrow tube between the 
two compartments of the apparatus, so as to furnish 
a beam of positive rays. To this end a sheet of 
wire gauze was placed a short distance in front of 
this tube and the tube and gauze were connected by 
a battery giving a potential difference of 4 or 5 volts. 
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This was sufficient to collect the particles and impel 
them through the tube into the second compart- 
ment of the apparatus. On reaching this, however, 
they possessed very little energy, and it was neces- 
sary to accelerate them accordingly. As they were 
now safely out of the compartment in which the 
reaction was proceeding, they could now be acce- 
lerated by high-tension electricity. This was 
effected by placing in the path of the particles two 
pieces of wire gauze connected up to an induction 
coil, in such a way as to produce a field of force 
accelerating the particles which could thus be 
endowed with an energy due to a fall through some 
40,000 volts instead of through 4 or 5 volts. By 
@ procedure of this kind it was possible to sort out 
the products generated during a chemical reaction, 
and he believed that one of the most important 
applications of the positive rays would be deter- 
mining what actually went on in various chemical 
and physical changes. 

A limitation of the method lay in the fact that the 
constituents must be in a gaseous condition. Many 
substances, however, were not volatile at ordinary 





temperatures. Thus it was not easy to get sodium 
ions in a discharge tube. 

This could, however, be effected by what were 
known as anode rays. For producing these rays the 
anode consisted of a tube packed with a paste made 
of salts of the alkaline metals mixed with black lead, 
since the pure salts used alone gave unsatisfactory 
results. This anode was surrounded by a ring 
which served as cathode, and when the apparatus 
was connected up with an induction coil, a current 
of positively charged atoms of the alkaline metals 
streamed from the anode and could then be dealt 
with by the methods already described. By 
processes of this kind, the speaker believed that 
positive ray curves on photographic plates could be 
obtained for all substances with but very few excep- 
tions. This would not be difficult, inany case, were 
it possible to work at high temperatures, but it was 
not easy to for the heating of the large 
bulbs usually employed. It could be done with 
small-scale apparatus, but ordinarily speaking, the 
discharge could not be got to pass in a small tube. 
This difficulty had, however, been overcome by 
Coolidge, who used a tungsten cathode at a red 
heat, In that case, the discharge whether 
the tube was large or small, Hence, with a tungsten 
cathode in a small quartz tube, it would be possible 
to employ a furnace to maintain the apparatus at 
a high temperature. 

Coming to another matter, Fig. 8 it ted 
a record obtained with very pure oxygen, The 
strong line was due to the oxygen and 
just below it was a line due to the oxygen mole- 
cule, It, would be seen that the atom line was 
e ed into a beak, and measurement showed that 
the distance of the extremity of this beak from a 
vertical. drawn through the centre spot was just 
half as great as the distance between this line and the 
proper termination of the atom line, which lay in 
fact, on the same vertical as did the termination of 
the molecule line. Some of the atoms, therefore 
(as explained in the last lecture) had twice the 
normal amount of energy. This was due to the fact 
that in the discharge tube they had carried a double 
charge, but had lost one of these charges on passing 
through the cathode. Had they not lost this charge, 
they would have produced on the plate a separate 
line instead of a prolongation of the ordinary 
atom line. Some, in fact, had kept their double 
charges, and were responsible for the uppermost 
of the faint lines shown in the figure, In short, 
pra iuadl: Pp lpr gay alpadind oy ate 
search would show that on the same plate was 
a line representing the atom or molecule in question, 
carrying two or more c A record obtained 
with mercury was represented in 9 (reproduced 
from our last issue), and it was di t here to see 
that the curve actually sto before the centre 
point was reached. A examination showed, 
however, that the curve really did come to an end 
at } the normal distance from the centre. Hence 
the mercury atom was capable of carrying one, two, 
three, four, five, seven and up to eight charges. 
In another experiment, of which the. results were 
recorded in Fig. 10, seven of the corresponding lines 
were recorded which were due to atoms which had 
kept their multiple afte- the cathode. 
The second bright line counting from the top of the 
figure was due to a molecule of O0,, and it lay 
between two faint lines uced by mercury atoms, 
carrying four and five respectively. 

This capacity for picking up extra charges did not, 
Professor Thomson continued, seem to depend 
on the chemical properties of an element, but rather 
on its atomic weight. This was well shown on 
subjecting the inert residual gases left after removing 
oxygen, nitrogen and CO, from the air. The record 
then obtained is shown in Fig. 11. The innermost 
line was, the lecturer said, due to krypton carrying 
four charges; then came a line corresponding to 
argon carrying three charges, which was followed 
by @ line due to neon carrying two charges, so. that 
the number of additional charges carried increased 
with the atomic weight. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue adjourned annual — meeting of the 
above Institution was held on Friday last, the 
5th inst., at the Institution House, Westminster, 
the president, Captain H. Riall Sankey, occupying 


the chair. 
By-Laws. 


There being no formal business, the president 
introduced the consideration of the remaining 
by-laws in which the council] had that 

terations should be made. By-laws 1, 2 and 3 
had been passed a fortnight earlier, and he now 


posed to submit the by-laws relating to entrance | ! 


ees and subscriptions, which, to meet growing 
es it was suggested should be increased, 
. G 


. W. Thompson moved an amendment 
rejecting the propose increases, At the previous 
meeting Mr. k Robinson had poin to an 


excess of expenditure over receipts amounting to 
1,5007. In the case of members, however, the 
proposed rates would bring in an additional 2,9021., 
since the number of members was 2,902. There 
were 3,557 associate members, the increase in their 
case would yield 1,778, 10s.; while associates 
would add 102/, As a result the total increase of 
revenue would amount to 4,7827. 10s. In view of 
these figures Mr. Thompson failed to comprehend 
the necessity for the increased subscriptions and 
accordingly moved that the subscriptions of 
members, associate members, graduates and asso- 
ciate elected on or before December 31, 1920, 
should be unaltered. Even with this alteration, 
Mr. Thompson contended the addition to income, 
based on the enrolment for 1919, would amount 
to 1,5401. 

Mr. Thom gave numerous other figures in 
po of opposition to the raising of the 
subscription rates for existing members. He 
submitted a table covering the years 1913 to 1919 
inclusive, showing the number of members of all 
classes, the recei over expenditure, the net 
capital and the salaries and wages. For the years 
mentioned this table indicated an average annual 
surplus of 4,386%. 3s. 6d. While, therefore, he felt 
that new members should pay the enhanced rates, he 
thought that the rates to be paid by old members 
should not be increased. He considered that the 
old members should not be penalised. 

The president then asked if some member would 
second Mr. Thompson’s amendment. No one 
responding, the amendment failed. By-laws 10, 
11, 12, 13 and 16 were, after being duly seconded, 
put to the meeting and carried. 

The next by-laws requiring consideration were 
Nos. 19, 20 and 21. No. 19 was concerned with 
the forms of application, the council being of 
opinion that the existing form did not elicit adequate 
information as to the qualifications of candidates. 
The effect of the proposed modification in this 
by-law would be that the council would have power 
to settle the forms when and as occasion required. 
By-law 20 related to announcement of applications 
in the Journal of the Institution as soon as pos- 
sible after the receipt of the forms, an opportunity 
being thus afforded for information to be received 
by the council before the opening of the ballot 


papers. The adoption of by-laws 19 and 20 was 
then duly , seconded and carried. 
With re to by-law 21, Mr. E. G. Walker had 


given notice of afr amendment to the effect that all 
communications made to the council on the subject 
of applications should be treated as confidential. 
The itution solicitors, however, were of opinion 
that this addition was needless, as the council’s 
ee cocieads eke tee 
as to lability for any improper or unnecessary 
disclosures of. communications: The 
pro addition would hamper the in tion 
‘council of the truth of statements made to 
them, while the knowledge that the council were 
bound to absolute secrecy encourage un- 
founded or malicious statements which might lead to 
injustice to applicants. Mr. Walker being absent, 
this by-law was proposed, seconded and carried. 
By-law 22, covering the reading of the names of 
new members at meetings was next taken, Mr. P. R. 
Jones moving its rejection, urging that publication 





of elections was adequately made in other ways 
and that the reading of the names of elected persons 
at meetings hindered the proceedings and was 
useless. The point was discussed at some length 
by several members, and the bylaw was finally 
withdrawn by the council. 

By-laws 23 and 25, to which there were no amend- 
mente, were then duly proposed, seconded and 
carried. The same thing applied to by-law 32, 
which referred to the conduct of general meetings, 
except that Clause 3 which referred to the reading 
of the names of elected members was withdrawn. 


In relation to the by-laws ing the formation 
of local branches, Mr. said that 
in 1913 a meeting was held in to enable 
the Oe en one tee tactiiiaee 
especially those in the provinces, as to the facilities 
which they members of the Institution 


provinces at which papers read in London might 
again be read and discussed, and local correspondents. 
were appointed. to arrange and look after the 


m 

“in 1014, Sir Thomas Holland wrote to. the 
Manchester Guardian suggesting that institutions 
and seientific societies in loca] centres might combine 
to common facilities. As a result, a 
m was called in Manchester, and a committee 
was appointed, the of 
Engineers sending several members. Certain 
resolutions were passed, namely: (1) That it was 
desirable to form a scheme of co-operation between 
the different technological societies in the Manchester 
district for the purpose of providing a common 
meeting room and reference library ; and (ii) that 
in the of the meeting the scheme of co- 
operation to be devised should not provide for any 
amalgamation of a kind that would interfere 
with existing affiliations with London societies, or 
with existing arrangements for bing pro- 
fessional tions or establi methods of 
promoting the interests of their individual pro- 
fessions, These resolutions were subscribed to by 
several institutions and others would no doubt 
have done so, but for the fact that the scheme was 
interrupted by the war. 

Now the council of the Institution considered that 
some such scheme might be revived. They felt 
that in establishing local branches in some of the 
larger towns, members in those towns might meet 
members of other learned societies and institutions 
in ee towns, mo a steps to form local associa- 
tions of societies for the s of providing 
a meeting room and pr tencding! ead and the 
necessary staff. The idea was that local members 
in the larger manufacturing centres should enjoy, 
as far as possible, the same facilities as London 
members enjoyed in London. The scheme demanded 
money—one reason why subscription rates and 
entrance fees should be raised. The current 
expenses of such local branches should be met by 
the Institution. 

The question of asking members of such local 
branches to pay an increased subscription to the 
local branches had been debated, but great difficulties 
were in the way. Some country members would 
be entitled to use the local branch offices, library, 
&e., and others would not. The whole advantage 
of the Institution could not be given to all country 
members, ag some places were too small to form 
such associations as he had described. He would, 
therefore, ask such members to accept the scheme 
loyally, and pay their extra subscription, not- 
withstanding. The council would eavour, as 
far as possible, to form local branches and assist 
them with capital, and to form local associations. 
The latter would probably be formed as joint stock 
companies, in which each society would hold a 


number of directors on the Board or Committee of 
ent. 


The local members who were unable to participate 


'in 1907, two years 
certain number of shares and appoint a certain 





of knowing that the Institution was doing its best 
in all the large centres, to spread its influence and 
give members al] the advantages that the London 
members enjoyed. As to the form which the local 
branches should take, the council proposed to 
appoint a committee consisting partly of members 
of council and partly of provincial members who 
were not members of council, to go into the question. 

On the president putting by-laws 45 to 48, which 
covered this matter of the formation of local branches 
to the meeting, Mr. L. G. Williams, of Birmingham, 
pointed out that in such centres as Birmingham, 
Sheffield and Manchester, metallurgical interests 
were predominant, and he thought that the Institu- 
tion would do well to combine with live associations 
already at work in those centres, and be under 
one roof. 

Mr. E. R. Dolby having seconded the adoption 
of by-laws 45 to 48, they were carried en bloc. 

The president then announced that a committee 
was to be formed to consider whether the grade of 
‘* junior graduate ” should be established, and, if so, 
what should be the qualifications. 

UriisaTION OF WaTER PowER. 

Discussion on Mr. E. M. Bergstrom’s paper 
entitled “‘ Recent Advances in Utilisation of Water 
Power” was then resumed, In our issues of 
January 30 last and of February 27 last (pages 
152 and 272 ante), we reported the remarks which 
had already been made in criticism of this paper. 

Mr. L. St. L, Pendred observed that it was a 
weakness incidental to papers covering so wide a 
field that they were laid open to charges of omission. 
In dealing with turbines in many parts of the world, 
Mr. Bergstrom had been unable, by lack of space, 
to touch upon everything that should have been 
dealt with. This raised the question of the suit- 
ability of such papers to the purposes of the Institu- 
tion. Nearly all that the author had said could be 
found elsewhere, and searcely any part of the paper 
was suitable for discussion or was arguable. To the 
speaker, the value of pa’ read at such an Institu- 
tion depended upon ‘ Presenting the real 
difficulties and problema experienced by mechani- 
calengineers. On the point of omigsions, he directed 
attention to the fact that, neither in Tables II 
and ITI of the paper, giving data as to power stations 
in various countries, nor here, was any mention 
made of the excellent work done in Italy or France. 

In view of the high position taken by Italy in the 
development of hydraulic power, this omission was 
rather serious; moreover, one which the Italians 
themselves would feel acutely. In Italy there were 
several eminent firms of turbine manufacturers. 
By way of compensation for the author’s omissions 
of Italian plants, Mr. Pendred exhibited a Jantern 
slide showing a remarkable turbine made by the 
Riva Company, of Milan. This turbine had two 
Pelton wheels of different diameters which worked 
with heads of water drawn from two different 
sources of sw , of respecti 2,000 ft. and 
670 ft. head, was cesidereble variation of 
power required and control was effected on the small 
wheel alone. The large wheel developed 3,500 h.p. 
with one jet and the small wheel 2,500 h.p. with 
two jets. The turbine was made for the Italian 
State Railways. 

Mr. Pendred next drew attention to the Kingsbury 
thrust block, The of this block given in 
the paper showed that it was tically the same 
as the well-known Michell tearing, which had almost 
revolutionised the arrangement of the engine rooms 
of steamships. Mr. Michell, an Australian, as a 
result of Osborne "s experiments and those of 
Beauchamp Tower, started a long series of experi- 
ments, extending over 1902-4. A paper describing 
his bearing, which Michel] wrote in English, was for 
some reason, published in a German paper, éon- 
cerned with mathematics and physics, in 1905. 

In January, 1905, Michell took out a patent in 
Great Britain and Australia, but having only little 
money he did not take out any foreign patents. 
Kingsbury, an American, filed a patent specification 
after Michell’s patent had been 
filed in this country. Though Kingsbury had been 
working on the subject, the scientific development 
of the thrust bearing, with its tilting pieces, belonged 
to Michell. By the American patent law a citizen 


in the local associations would have the advantage |of the United States was allowed two years pre- 
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cedence over any foreigner, if he could show that 
he had been experimenting. Kingsbury could show 
that, and. was granted a patent in America. 
Accordingly, when that type of bearing was used 
in America it was called the “‘ Kingsbury”; in 
England it was called the “‘ Michell.” 

Mr. A. C. Anderson said it was unfortunate that 
there was nothing in the paper about costs, since 
first costs in relation to hydro-electric plant were 
very important, and often too little investigated, 
aptengg— in such a matter as the use of tidal 
power. e author had credited America with the 
development of the Francis turbine. With that he 
did not agree. The tendency in America was 
towards standardisation rather than experiment, and 
he thought the Swiss should be credited with the 
best types of Francis turbine. A water turbine 
could not be manufactured in the same way as a 
steam turbine, inasmuch as the hydraulic turbine 
had to be adapted to varying conditions. 

He agreed with Mr. Pendred’s remarks on the 
Kingsbury bearing. What, in this bearing, was 
regarded as an improvement on the Michell bearing, 
he looked upon as a complication. The author’s 
remarks on the “‘ Kingsbury ” rather suggested that 
he (Mr. Bergstrom) considered there was no other 
thrust bearing. He, the speaker, could not agree 
that the Kingsbury bearing was “the most recent 
type of thrust-bearing.” One of the most recent 
types in common use was, he believed, the spring 
thrust - bearing, having a comparatively thin 
babitted stationary bearing ring, with oil grooves, 
resting on many springs. In this connection 
Fig. 14 of the paper, illustrating the large vertical 
generating units at Cedar Rapids, was interesting, 
particularly as the speaker understood that the last 
two units going into that station were fitted with 
the new spring thrust-bearing, and not with the 
Kingsbury. He also understood that at the 
Gatun Lock installation the three units had been 
converted from the Michell to the spring thrust- 
bearing. There were, of course, bearings of a 
simpler character than the Michell, which was 
constructed to secure the wedge principle as satis- 
factorily and simply as possible. 

Mr. Bergstrom had gone fully into the question 
of the high-pressure Francis turbine, but the 
speaker would remind engineers that there were 
certain losses in that type of turbine which might 
be serious if great care were not used. He instanced 
the skin friction loss, which at low heads might be 
serious. If a turbine used for low heads were 
suddenly put on high heads, without modification, 
surprising losses would be sustained. Loss of 
efficiency must be balanced against liability to wear. 
In his description ‘of the Fully Station, the author 
stated the jet diameter at 34 mm., as a matter 
of factitwas 38mm. Mr. Bergstrom had also given 
a full description of the combined needle and 
deflector method of regulating Pelton wheels, but 
he was surprised to see that no mention had been 
made of Seewer’s method of splaying the jet, 
which, by means of vanes, could be done inside the 
nozzle itself. 

The author’s statement that the Francis turbine 
and the high-pressure impulse turbine (Pelton 
wheel) were the only types now employed in modern 
water-power development, was not quite correct. 
He considered that the Francis turbine was 
practically doomed from the point of view of use 
with low falls, for which, in the near future, he 
believed the more efficient axial flow type of turbine 
would be employed. Mr. Anderson regretted that 
nothing was said in the paper about the costly civil 
engineering works associated with the utilisation of 
water power, little about certain modern tendencies, 
and very little about electrical work. He would like 
to have seen something said about the making of 
large generator stators and thrust bearing housings 
of reinforced concrete, and about water cooling, 
&c., &c. First cost.of machinery, &c., would soon 
be so considerable that any methods which would 
reduce it would better the chance of developing 
schemes, especially in distant places. 

Mr. E. Lancaster Burne remarked that the author 
had spoken of the supersession of the cylinder-gate 
by the wicket-gate. ‘This statement seemed to the 
speaker too sweeping. He had himself laid down 
several turbines provided with one plain, simple gate 


which controlled the water admitted to the turbine. 
The runner was divided by a horizontal ition, 
and the apparatus could be worked with good 
efficiency at full or half gate ; moreover, he would 
imagine that it was a good deal cheaper in first cost 
than the wicket gate, and it was less likely to get out 
of order. With regard to thrust bearings, he had 
found the ball thrust bearing perfectly satisfactory. 
He had put one such bearing into a turbine ten 
years ago, and, as far as he knew, it had given 
no trouble. 

The president remarked that he thought the 
Institution should place on record its feeling that 
the bearing known in America as the “‘ Kingsbury ” 
should, in this country, be called the “ Michell.” 
he had learnt from Dr. Hele-Shaw that the difference 
between the two bearings was mainly in the position 


of the su 

Dr. Hele Shaw, referring to the same matter, 
pointed out that unlimited between two 
surfaces could be sustained by inducing the lubricant 
to pass underneath. ding the bearing 
block in such a way that it was induced to ti 

the desired effect would be . 
Whether the support were in the middle or beyond 
the centre it made no difference once a start was 
made. The Michell bearing claimed that the 
support should be placed beyond the centre, and 
that constituted the patent; there was no patent 
if the support was placed in the middle. The 
distribution of lubricant under the block had been 
investigated by the stream-line method, and this 
showed that the centre of pressure was about 
one-third from the end of the block as used by 
Michell for the position of his support. 

The president stated that the angle necessary 
between the two bearing surfaces necessary to make 
the lubricant flow depended on the viscosity of the 
oil getting smaller as the viscosity diminished, 
When the bearing started round the oil was of 
comparatively high viscosity, requiring an angle 
of a certain size; as the bearing became heated 
the viscosity was reduced and the angle became 
smaller. It was impossible to get proper distribu- 
tion of pressure mechanically, but by means of the 
Michell bearing this was obtained automatically. 


Mr. W. H. Patchell, dealing with the question of | ¥. 


costs, referred to the Report of the Water’ Power 
Resources Committee, and regarded as misleading 
the fact that the committee had based their figures 
on pre-war costs plus 50 per cent. The figures 
would most likely be quoted by people who did 
not consider the actual basis of the costs, but 
assumed that the Resources Committee seriously 
expected water power to be developed at the 
peopoeedt rate. The cost given in the report was 

+51 per effective electrical horse-power for certain 
stations. At pre-war rates the figure would be 261, 
or a third less. It would, however, be nearer the 
mark if the development was estimated to cost 
2} times the pre-war cost; i.e., 651. per electrical 
horse-power, or 87/1. per kilowatt. That water 
power in this country would be developed, at such 
rates, in competition with the steam turbine was 
@ very sanguine view. 

From The Electrical World of December 20 list, 
the speaker gave certain figures for the Niagara 
Falls machines. The station rating was 242,000 h.p. 
The construction and equipment of the new addition 
cost 8,000,000 dols., or about 100 dols. per kilowatt. 
This included deepening the channels, constructing 
three new penstocks and extending the power-house. 
It worked out at about 201. per kilowatt, and 
induced humility when thinking about water 
development in this country. 

Mr. Bergstrom not being present to reply to the 
discussion, the proceedings then closed. 





ENGINEERING EDUCATION AT 
UNIVERSITY COLLEGE, LONDON. 
One of the problems of reconstruction and 

development, which the cessation of hostilities has 
made especially. urgent, is the provision of the 
highest forms of education in those branches of 
knowledge which have a bearing on the great 
industries of this country. Great Britain has 
always been fortunate in the quality of its people, 
and although the State has, until recently, troubled 





very little about the education of its best brain 





owen, end bes confined ite attention te cheummaptr 
orms, yet there has always been a fair amount of 
private munificence, which has enabled the uni- 
versities to survive and allow its graduates to play a 
really prominent part in affairs; but the ited 
generosity which prompts American millionaires 
to endow their own universities with buildings and 
equipment on a most lavish scale, has, so far, 
found no place in England. University engineering 
schools, with rare exceptions, have on as 
best they could with inadequate means, and it says 
much for the men who, in the past have guided their 
destinies, under circumstances, that 
they have attracted to themselves a large measure 
of the intellectual capacity now devoted to engineer- 
ing pursuits. 

In that work the engineering school, at University 
College, London, has borne an ample share, and now 
that the time has come for it to re-equip itself on an 
adequate scale for its future work, it seems desirable 
to recall to our readers its long career of usefulness 
and the essential part it has played in engineering 
education. 

University College was founded in 1826, as the 
result of a movement on the part of some of the 
most eminent men of that time, to provide university 
teaching in all branches of knowledge, except 
theology, so far as its means might allow, and to 
make this free to all those able to take advan 
of such training without any stipulations as to 
religious beliefs. Apparently the teaching of the 
scientific principles of engineering was contemplated 
from the earliest days of the college, for Mr. 3. 
Millington was appointed in 1828 as Professor of 
Engineering, and the Application of Mechanical 
Philosophy to the Arts, but it is not certain that he 
formed a class. Special courses on civil engineering 
were, however, given in connection with the Chair 
of Natural Philosophy when that chair was held 
by Dr. Ritchie, and again during the professorship of 
Sylvester, who later became Savilian Professor of 
Geometry at Oxford. In 1840, C. B. Vignoles, F.R.8., 
was appointed Professor of Civil Engineering. He 
was, many years, one of the ackn ged 
leaders of the profession, and ultimately became 
resident of the Institution of Civil Engineers. 
He held the chair for three years, and was succeeded 
(with an interval of a year) by Harman Lewis 
(1844 to 1858). A little later the provision for the 
teaching of engineering was greatly extended by 
the appointment of Bennet Woodcroft, F.R.8., in 
1846, to be Professor of Machinery, and of Eaton 
Hodgkinson, in 1847, to be Professor of the Mechani- 
cal Principles of Engineering. Eaton Hodgkinson’s 
is one of the classical names in the history of 
engineering research, and many of his well-known 
experiments on the strength of materials were made 
in University College. No direct successor to 
Hodgkinson was appointed on his death in 186], 
though his special subject was revived later in 
another form. Woodcroft resigned in 1852, on his 
appointment as Superintendent of Specifications 
to the Commissioners of Patents, and, at a later 
date, he was made Superintendent of Commissione1 
of Patents’ Museum now at South Kensington. 1 
immediate successor to him was appointed at the 
University, though the name of his chair was 
retained for several years on the list of the college 
professorships, with the note ‘Professorship vacant,” 
thus showing the importance which the council 
attached to the subject. 

Harman Lewis was succeeded in 1859 as Pro- 
fessor of Civil Engineering by William Pole, F.R.S., 
who was not only a very eminent engineer, but was 
remarkable for the extent and variety of his attain- 
ments in other departments of knowledge; “ih 

» he was one of the most learned musicians 
of his time arid country. Pole was followed by 


Chair of Engineering in the Edinburgh University, 
George Fuller was inted at University College 
as Professor of Civil and Mechanical Engineering. 
From this time, and especially under Professor 

. B. W. Kennedy, F.R.S., who succeeded Fuller 
1874, the teaching of mechanical engineering in 
the college gradually became more prominent. 

ing Fuller’s tenure of the chair, the im 

of making laboratory training a prominent part of 
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knowledge of science, coupled with a wide ex- 
perience of practice. But this is not sufficient 
to-day unless backed up by a really first-rate equip- 
ment, preferably not too large in scale, but at any 
rate covering a considerable field of experimental 
work, for knowledge acquired in the laboratory, the 
drawing office and workshop, although it comes but 
slowly, is very real and sure. 

The way in which it is proposed to utilise the 
available site is shown by the four plans—one of 
each floor of the new building—given in Figs. 3 to 
6 on page 341. In these plans the existing buildings 
are shown by hatched cross-sections, and new works 
are double-hatched. The new wing, which has 
been designed by Professor Simpson, F.R.I.B.A., the 
Emeritus Professor of Architecture at University 
College, will face Gower-street, and its general 
appearance, combined with the existing buildings, 
is shown by Fig. 1, on page 340, while Fig. 2 shows 
the-southern wing drawn to a larger scale. 

Hydraulic engineering, and all that pertains 
thereto, finds a place in the basement of the 
south wing of the college, as heretofore, but, as 
Fig. 3 shows, there will be a considerable extension 
of the area at present available, the difficulties 
of light and inadequate space being largely got 
over by an extension of the basement area to 
house an experimental channel and representative 
hydraulic machines and turbines. The floor of the 
present laboratory also will be relieved of a number 
of machine tools, which, although important as 
adjuncts to testing machinery and heat engine 
equipment, now occupy too much valuable space 
in the main laboratory. Following usual practice, 
all low-pressure water needed for experimental 
work, will be derived from a roof tank, and after 
use will be pumped back from the storage tank 
below basement level for use over again. 

On the ground floor. of which a plan is given 
in Fig. 4, the existing electrical laboratories 
will probably require little alteration beyond 
modern additions to the equipment, but it will be 
necessary to remodel the main engineering labora- 
tory and provide typical examples of the best 
practice in heat engines and the testing of materials. 
The existing testing machines will be thoroughly 
overhauled and worn out parts renewed. It is also 
intended that examples of the most refined measuring 
and testing appliances of moderate size shall find a 
place there, so that all students can have an oppor- 
tunity of using the best appliances invented during 
recent years, such as small testing machines, for 
impact and alternating stress, optical indicators, 
apparatus for studying the micro-structure and heat 
treatment of metals and the like. 

It is now, moreover, well recognised that in the 
near future a fair number of students will become 
investigators and heads of engineering laboratories 
attached to works or public departments. The 
demand for that type of man during the war was, in 
fact, immeasurably greater than the supply, and 
there is still a strong demand for young men with 
talent for experimental work. Happily for the best 
interests of our engineering trade, this demand seems 
likely to be permanently maintained. 

Provision has therefore been made for advanced 
and post-graduate students by means of a spacious 
laboratory on the first floor, Fig. 5, and also by means 
of a number of small rooms in various parts of the 
building suitable for research work in the applica- 
tions of science to engineering. This flagr also 
provides for an additional electrical laboratory, a 
large lecture room and a laboratory for the Depart- 
ment of Municipal Engineering. The second floor (see 
Fig. 6) will be occupied mainly by drawing offices for 
students of different years, as it is only there that 
an excellent top light can be obtained. Arrange- 
ments are also made on this floor for the installa- 
tion of various printing and copying processes used 
by engineers, while various appliances used for 
demonstration purposes will, as heretofore, be housed 
in the Engineering Museum. 

It will thus be seen that the needs of students in 
civil, mechanical, municipal and electrical engineer- 
ing will be adequately provided for, and it is of 
interest to mention here, that the Department of 
Heating and Ventilating Engineering, which has 
done such excellent research work in the past under 
the direction of Mr. A. H. Barker, B.Sc., Wh.Sc., 
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will ultimately be housed in a new building for which 
a site is available. All these engineering facilities 
will be at the disposal of those chemical students who 
intend to follow a combined course of chemistry and 
engineering, but, as the conditions of this industry 
demand special facilities, it is proposed to erect, 
with the aid of a grant of £25,000, from the Ramsay 
Memorial Fund, a chemical engineering building on 
an adjacent site to house the equipment and lecture 
rooms and give other accommodation required. This 
department, which has already made a promising 
start, will form the connecting link between the 
school of chemistry under the general direction 
of Professor Collie, LL.D., F.R.S., and Professor 
Donnan, Ph.D., F.R.S., and the various depart- 
ments of engineering already described above. 

We believe that a comprehensive scheme of engi- 
neering education, such as it is proposed to continue 
and extend, is bound to meet with the approval of 
all engineers who have the best interests of the pro- 
fession at heart, and we confidently expect that 
the appeal for £100,000, which has been issued by 
the Engineering Extension Committee, with Sir 
Alexander Kennedy as chairman, will meet with a 
ready response. 

The British people are notably generous in appeals 
for charitable purposes, especially to remove or 
alleviate the disabilities occasioned by sickness.and 
disease. This is not one of these, but it is just as 
much a duty to afford able young men of sound mind 
and body a real opportunity of fitting themselves 
for a career by the provision of the essential facilities, 
and this is doubly necessary now, whether considered 
either as national insurance, or as part of the debt 
which the nation certainly owes to the young men 
who have had to bear the brunt of the great onslaught 
of the German nation upon our lives and liberties. 

Lord Cowdray has shown his great interest in the 
scheme by a donation of £10,000, with a promise of 
a like sum when £70,000 has been reached. Members 
of the late Mr. Chas. Hawksley’s family have sub- 
scribed £3,000 for the hydraulic laboratory, with 
which latter their father’s name will be associated, 
and many prominent engineers and firms have given 
substantial donations. 

The total amount so far collected and promised 
amounts to about £33,000, and we hope and believe 
that the whole sum required will be obtained at an 
early date to enable this reconstruction scheme to go 
forward. Donations towards the Fund should be 
sent to H.R.H. Prince Arthur of Connaught at his 





residence, 42, Upper Grosvenor Street, W. 





DORMAN INTERNAL-COMBUSTION 


ENGINES. 


Mucn has been heard in the last twelve months 
about the mass production of motor vehicles and the 
dividing up of the various units, engine, transmission 
gear, body, wheels, &c., among specialised works or 
specialised firms. There is much to be said for many 
of the arguments which have been used in connection 
with this matter, but they are not quite so new as 
many of those who bring them orward would appear 
to believe. As one example for instance, most of our 
readers will know that Messrs. W. H. Dorman and Co., 
Limited, of Stafford, specialised on motor car and motor 
lorry engines many years ago, and that many well- 
known makers of both these classes of vehicle have 
to a considerable extent built up their reputation while 
using Dorman engines as a standard. As examples of 
the class of work now being turned out by Messrs. 
Dorman, we are illustrating this week the firm’s 
25 h.p. commercial vehicle model and also their 12 h.p. 
overhead valve car engine. Of these, the latter is 
the more recent model, the 25 h.p. engine have been 
made for a number of years. 

In describing the two models, we may first deal with 
the 25 h.p. engine which is illustrated in Figs. 1 to 3 on 
this and the next . We have referred to this engine 
as of the commercial vehicle type, and it has been used 
to a large extent in that application, but there is nothing 
to prevent it being used for car work, and it has found 
a considerable field in that direction. The engine, as 
will be seen from the figures, has four cylinders, cast 
monobloc, of the L head type. The induction 
passages are cast integral with the cylinders. This 
heats the incoming charge and is useful in assisting the 
engine to run as it does equally on paraffin or petrol. 
A separate exhaust manifold is used which is upswept 
to give good access to the cover plate over the valve 
tappet chamber. As will be seen from Figs. 2 and 3, 
the jacket water spaces are of ample size in the neigh- 
bourhood of the valves. The crankcase is of aluminium 
divided horizontally, and with the crankshaft bearings 
carried in the top half in line with what has become @ 
more or less standard form of construction, There are 
three of these bearings, each 13 in. diameter and die- 
cast white-metal lined. The pressure in no case exceeds 
750 Ib. per square inch. Ball thrusts to take the 
declutching end thrusts are fitted on either side of the 
front bearing. The connecting rods, of H section, have 
phosphor bronze bushes at the small ends and white- 
metal lining at the big ends. Each big end cap 1s 
secured with four nickel steel bolts. The pistons are 
of cast iron with three rings. 

The camshaft is oni on the near side of the 
engine and is driven from the crankshaft by silent 
chain. The sprocket wheels can be seen in Fig. 2. 
The second sprocket wheel there shown on the crank- 
shaft is for driving the magneto. The hollow tappet 
rods are mushroom-ended and have adjustable heads. 
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the inlet and exhaust camshafts are independent, being 
situated one on each side of the engine. They are 
driven by silent chains at the front end. The tappets 
are of mushroom type, and the rods are tubular with a 
ball at each end. rocking levers are steel stampings 
each working in a fork which prevents side play. The 
valves are of nickel steel. As will be seen from Fig. 5, 
the valves and whole of the upper part of the operati 
mechanism are carried in the detachable head, an 
when this is removed for cleaning the cylinders or 
other purpose, it brings away the whole of this valve 
mechanism without interfering with any adjustment, 
The magneto is fixed on the back of the distribution 
casing by means of a flange. It is driven from gears 
inside the casing. Cooling is by thermo-syphon 
assisted by a simple impeller pump which is situated 
on the front of the cylinder jacket in the elbow to which 
the pipe from the bottom of the radiator is attached. 
It is Triven by an outside belt, and will be seen in 
Fig. 4, which shows the pump and the belt pulleys. 

The lubrication of the engine is carried out from a 
gear pump situated in the sump and driven by skew 
gear from the end of one of the camshafts. This pump 
delivers to the main oil pipe which feeds the rear main 
bearing and four oil troughs, one of which is situated 
under each connecting rod. Dippers on the big end 
caps pick up the oil and carry it to the cylinder walls, 
camshaft rings, &c. The chains in the front cover 
are positively lubricated through a relief valve on 
the main oil supply, and fixed on the front cover. 
Provision is e for carrying the oil vapour from the 
crankcase to the overhead valve mechanism. This is 
arranged for by a small fan at the rear end of the crank- 
shaft, which forces air into the crankcase and so creates 
a slight pressure fore the oil vapour up to the 
valve casing through a diameter pipe dinated 
at the rear end of the crankcase, The valve mechanism 
is consequently always working in an oil mist. An oil 
tro is formed round each valve guide into which 
surplus oil gathers, From the t wicks lead to 
the hollow spindles of the rocking levers. 








accuracies of nationalisation advocates. One of these 
inaccuracies was that “‘ the Coal Mines Regulation Act 
had been imposed on the industry because the owners 
of collieries undervalued human life,” it being added 
that in 1851 the number of killed was 1,062; a figure 
which rose to 1,401 in 1918. But these figures do not 
take into account the increase in the number of persons 
em , and the deepening and extension of under- 
et aoe In 1851 the number of persons 
employed in the collieries of this country was 200,000, 
a total which reached 1,000,000 in 1918; the rate of 
mortality, therefore, was 5 per 1,000 in 1851, and only 
1-4 in 1918. If the mortality rate for 1918 had been 
the same as that for 1851, the killed would have 
numbered 5,000 instead of 1,401. The owners maintain 
and very rightly so, that this vast improvement must 
be set to the credit of colliery managers, under private 
ownership; the situation would even be better still 
but for carelessness of the miners for Home Office 
regulations, This had led to prosecutions for breach of 
legal obligations (numbering 175) being taken against 
workmen in 1918, in which year there — only 
eight prosecutions against managements. ¢ miners 
had stated that between 1913 and 1920 the coal pro- 
duction in the United Kingdom had decreased by 
nearly 70,000,000 tons, an argument which they used 
against private ownership. Mr. Gibson, however, 
shows that whereas in the 40 years ending in 1913 the 
British coal output was more than doubled and employ- 
ment was increased by over 130 per cent., at the dawn 
of Government control in 1914 the output steadil 
declined. Mr. Gibson adds that it would be difficult 
to cite a more damning piece of evidence agai 
nationalisation than the course of production in the 
United Kingdom under State control since 1914. To 
the query of the miners as to what enterprise is there 
to destroy in the mines at the present day, the owners 
state the following :—In 1880 there were in the South 
Wales coalfield only two pits producing over 200,000 
tons per annum, whilst the average output per colliery 
was between 50,000 and 60,000 tons per annum. In 
1919 there were no less than 86 collieries producing 
over 200,000 tons per annum and seven pits producing 
over oe tons annum. These ter mines > ies al Mille bevien anodeiiags 

ve involved s ive expenditure of an enormous | epsrt ‘Pe mig —— | 
ca of new capital, and one wonders what would a ; ped gy ied soy 2 wee — a 
have been the fate of the coalfield had the task of| purpose of bringing the department Rees, I a An 
developing the coalfield been left to a State Depart-|touch with provincial firms than has been possible 
ment. In regard to the miners’ assertion that the| hitherto. With the co-operation of the Association 
present industrial system results in endless strife and | of British Chambers of Commerce the necessary facilities 
that nationalisation would lead to industrial peace, | Will be provided by the local Chambers of Commerce to 
the paper gives the case of the Colonies and of Germany’s 


enable the representatives of firms desiring to export 
State-owned mines, where nationalisation has been so | P'ti#h goods to interview the officers of the department 
prophylactic against strikes. 





























































and empl production could be stimulated without 
any ip to the working classes. The movement 
they represented had , and the message 
they were out to spread was one of harmony and love 
for one another, instead of hatred. The Right Hon. 
J. H. Whitley, M.P., called attention to the fact that the 
whole of civilised humanity in Europe depended on 
‘whether we in England were able to settle down 
happily and produee—render service to the rest of 
humanity was a better term—for that was what was 
demanded of us. For everything we failed to produce 
here which we might have uced, some poor child 
or some impoverished f: in the famine-stricken 


fact and a moral truth, and if le understood it 
he believed thy would Sut thelr bas into their wor 
from unselfish motives. He found that among a good 
many employers and trade unionists there was not yet 
the realisation that we were living in a new age. e 

iod before the war was the middle ages. “tt would 

known as “ before the war.” It was with industrial 
affairs exactly as it was with the League of Nations. 
Mere pious sentiments would not do; there must be a 
constructive, powerful organisation. The Industrial 
League and Council must not be satisfied with plati- 
tudes; there must be a practical and executive side 
to their work, and this, he hoped, would prosper. The 
Bishop of Birmingham said that pride in one’s work was 
the thing they had to get into the minds of the people. 
There never was a time when the example of this 
country could be so beneficial to the rest of the world. 
Before the war there was a wid belief abroad 
that England was played out. t belief has been 
shown to be utterly fallacious, and now all countries 
had their eyes turned this way to see what land 
would do to help humanity. This was a —— ility 
which should stimulate stir employers and employed 
to combine opetier, not only for the good of our own 
land, but for the good of humanity altogether. 





































































THe DEPARTMENT OF OvERSEAS TRADE AND BRITISH 
INDUSTRIAL CENTRES.—Arrangements have now been 


INDUSTRIAL NOTES. completed for the jodical despatch of officers of the 


Tus Birmingham University is greatly to be com- 
mended for starting a scheme of free instruction classes 
to students nominated by trade unions. We hope the 
offer of the University will be largely responded to and 
followed by other universities throughout the country. 
The scheme is to give systematic instruction to the 
said students on two days a week during a session of 
26 weeks in the year. The lectures, tutorial assistance 
and textbooks are to be free, and the trade unions who 
nominate the students are, on their part, to make a 
monetary allowance to the students to compensate 
them, where necessary, for loss of time at the works, 
and, in the case of union officials, to agree to forego 
their services during the hours spent at the University. 
Twenty-two students have been enrolled for the first 
session, most of whom having been nominated by the 
Workers’ Union, whose ident has taken a keen 
interest in the scheme. ese students include women 
and trade union officials. At the close of the session 
two certificates will be given, one for attendance and 
one for good work. The scheme is administered by a 
board. Every union who sends at least six students 
is to have a representative on the board. The award 
of certificates is to be in the hands of the University. 


in their own locality. This, it is hoped, will obviate the 
inconvenience of travelling to London for the purpose 
of consulting the department on matters ted with 
overseas trade. It is intended that the visits of officers 
shall be monthly, and will extend in each case over 6 
iod of about five days. The following programme 
as now been definitely arranged for the next two 
months: To the Chamber of Commerce of Birmingham, 
March 8 to 12; Manchester, March 15 to 19; Glasgow, 
March 22 to 26; Sheffield, March 29 to April 1 ;: Brad- 
ford, April 12 to 16; North Staffordshire Chamber of 
Commerce (Tunstall), April 26 to 30. Applications to 
interview the officers of the department should be 
addressed direct to the Secretary of the Chamber of 
Commerce at the most suitable centre named. 








Official statistics now available dealing with 
in Denmark, show that for September, 1919, the 
average pay per hour for all the 100,000 operatives to 
which the figures refer was 169,6 dre. The wages for 
skilled men was 202,1 dre; for unskilled men, 
166,9 dré; and for female operatives, 104,1 dre. The 
figures were higher for Copenhagen than for the pro- 
vinces, being respectively 218,2 dre, 187,6 dre and 
108 dre, against 183,4 dre, 155,1 dre and 97,6 dre in 
the provinces, From June to September, 1919, wages 
rose on an average 40 dre per hour for all hands. Com- 
pared with the wages for 1914, those for September, 
1919, show an increase of 237-8 per cent., from an 
average of 50,2 dre per hour to 169,6 dre per hour. 
The increase was larger for the unskilled than for the 
skilled workman, 266,8 cent. for the former against 
229-7 per cent. for the latter. For female operatives 
the rise amounts to 234-4 per cent. in 
and 279-8 per cent. in the provinces, where 
were very low. From 1914 to September, 1919, the 
hours have been reduced from 10 to 8 or'8$. From the Pr : = : - 
beginning of the war to the beginning of the present | mercial aeroplane was t ore chartered, from 
year the price for the sundry coutnediiies uired by | North Sea Aerial and General Transport Company, ‘a 
® workman has risen 142 per cent., 80 it will be seen | /0°ds, to convey 22 packages, with an aggregate weir Xt 
from the above that wages have risen substantially | (Gaded at Brough aerodrome, near Hull, on Friday, the 
more than the cost of living. (100 dre = 1 krone = ; r y 


12th inst., and nee to Lympne, near Folkestone, 
le. 24¢.). y the air- 


soe emmeninetion samportiics ond \ genarooer4 
e at , where it arri 

The Industrial League and’ Council have acquired | **ely on the following day. The Dutch customs authori- 

new premises at 82, Victoria-street, 8.W. te The pats - “ed ‘the —— — Sa tn demoted to 

opening ceremony took place last week, when the| their final destinati ith litth delay. The 

Right Hon. G. H. Roberts, M.P., and the Right Hon. | rach =e than pation wih ao 

J. H. Whitley, M.P., the joint presidents, with the 

a of Birmingham, president of the Birmi 





ArriaL TRANSPORT OF WooLLEN Goops.—Owing 
to the congestion of traffic at Hull Docks and to the 
dockers’ strike at Amsterdam, the transport of goods 
from the Midlands to Holland, which has been taking 
the preposterous time of from six to eight weeks, has, 
for the meantime, become quite impossible. For this 
reason Messrs. Heatons (Leeds), Limited, who do con- 
siderable business with Holland in ladies’ clothing, 
decided to despatch by aeroplane a quantity of ¢ 
which they were anxious to deliver in Holland in time for 
the spring season. A Blackburn ‘“ Kangaroo’’ com- 





Speaking last week at the National Liberal Club, 
Mr. J. H. Thomas, M.P., said he was in favour of 
railway nationalisation because he believed it would 
be in the best interests of the community. If he 
thought nationalisation would bring material advan- 
tage to the railwaymen, but disadvantage to the com- 
munity as a whole, he would have no hesitation in 
opposing it. He believed nationalisation to be a good, 
sound commercial proposition to the community as a 
whole. In talking of nationalisation, he added, one 
was compelled to face the deep-rooted prejudice, 
opposition and irritation caused by connecting it with 
the method of Government control in existence at the 
present moment. If railway nationalisation meant a 
continuance of the existing system, there would be no 
wits. or more bitter opponent of the measure than 
he. 130 railway companies, there were approxi- 
mately 1,000 directors, not 2 per cent. of whom had 
any experience of railway management. There was 
waste and inefficiency, particularly in to the 
use of ns and engines. Under a national system 
he said this would be abolished. Mass production was 
absolutely essential, and standardised rolling - stock 
would be an immense advantage. Further, the work- 
i Se TE ee ae in the 
industry. the men were with responsibilit; 
they would rise to it. . 


Mr. ne | oe a eee Oe 
mouthshire and South Wales owners’ Association, 


has issued a paper calling attention to some of the in- 





wethine — y to return yesterday with _—_— 
cargo of dyes of a class ntly required in Yorkshire 
and: Lancashire. It is hardly, ape A to —~ 
Branch, received the guests. The Right Hon. G. H.|°U* that the commercial value of the service wo 
Roberts said the league had been as heseuss 8 greatly augmented if the visit to Lympne for — 
few men, trade unionists and emplovers. foresaw |e could be avoided. Lympne is, ot geese’, 
a ee cl Boe Pployers, foresaw | the only recognised point of departure for Continenta! 
n won the greatest problem | aerial traffic, and this fact is obviously a severe handicap 
that would emerge would be the relationship between | on aircraft travelling from the northern counties to 
employers and employed. The prosperity of industry | Holland and the Baltic. Evidently the traffic would be 
was a vital concern to every class in the community. | greatly facilitated by Government recognition of an ir 
The working classes could not continue to receive | St#tion on the North Sea coast, since a direct flight 
higher end eater chester b a h across the North Sea could be made in half the flying 
me At gol Joy ours and more humane | tine, and in much less than half the total time, owing 
ditions unless production was maintained. They| to the fact that the long southward diversion renders 6 
claimed that with co-operation between employers night’s stay at Lympne unavoidable. 
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RELIEVING ATTACHMENT 


FOR LATHES. 


CONSTRUCTED BY MESSRS. MILTON, LIMITED, ENGINEERS, STREATHAM, LONDON. 
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ALTHOUGH it is usually considered to be uneconomical 
to make milling cutters and other small tools in a 
general engineering shop, occasions sometimes arise 
when it would be extremely convenient to be able 
to do so. It may easily happen, especially in small 
shops, that a job may be delayed for days in waiting 
for a certain tool that could be made in an hour or two 
if the necessary appliances were available. The lathes, 
milling machines with dividing heads, gas muffles, &c., 
needed for the work, form part of the equipment of 
practically every shop, but the main difficulty occurs 
in connection with the work of backing off, or relieving, 
the teeth of the cutters. The teeth can, of course, be 
formed by milling with special cutters, but the number 
of these required for different shapes and sizes of 
tools is, in most cases, prohibitive. A relieving lathe, 
which might be employed, is an expensive tool of very 
little general utility, so that it is not often found in 
small shops. It would certainly not pay to instal one 
for an occasional odd job, but this objection cannot be 
applied to a comparatively inexpensive attachment 
which enables relieving work to be carried out on an 
0 screw-cutting lathe. 

Such an attachment, which is the invention of 
Mr. E. M. Wildey, and is being manufactured by 
Messrs, Milton, Limi of Besley-street, Streatham, 
London, 8.W. 16, has been brought to our notice, and is 
illustrated by the drawings reproduced above, and 
by the half-tone engravings on page 348. Some idea 
of the variety of work which can be carried out by this 


device will obtained from the of products 
illustrated in Fig. 12, on page 348, tal, talees describi 
the construction of the attachment in detail, it wi 
be convenient to refer briefly to some of these articles, 
The small gear cutter in the centre of the group is made 
from 14 per cent. steel, has a maximum 
diameter of 1-845 in., and is for cutting gears of 17 
pot The time taken for forming and 
leving this cutter from the gashed blank we personally 
measured as 2 minutes 55 seconds, The parallel 
Teamer on the left of the illustration is j in. in diameter, 
and the cutting portion is 4f in. long. It has six flutes, 
andthe time taken for relieving was 7 minutes 
17 seconds. The taper reamer, which is of the same 


Fig.2 
LONGITUDINAL SEC. A-A, 











length, and has a mean diameter of j in., has eight 
flutes, and the time for relieving was the same 
as that given for the parallel reamer; in both cases 
the work was rotated at 60 r.p.m. and the feed was 
‘Ol in. per revolution. The other examples of work done 
on the attachment include a small shell reamer, master 
hobs for cutting chasers, a form-milling cutter, and an 
internal chaser for lathe work, the latter tool being 
shown at the bottom of Fig. 12, between the two 
reamers. These tools were of course all made from 
gashed blanks, but the object resembling a short shell 
reamer, shown in the illustration on the left of the 
central gear cutter, was made from a plain disc in order 
to show the rapidity and accuracy with which the 
ieving tools are withdrawn from the work. It is 
1}4 in. in diameter and has 24 teeth, each about 
0-02 in. high, and although these would, of course, 
have to be ground to form a good cutting edge, the 
fact that such a tool can be made in this way is interest- 
ing. It may be added that a similar piece, 2 in. in 
diameter and 2 in. long, also having 24 teeth, was 
made from an ungashed blank in one cut with the 
work revolving at 40 r.p.m., so that the relieving tool 
would make 960 strokes per minute. The material was 
cast steel and the feed 0-01 in. per revolution, so that 
the time taken would be 5 minutes ; the relief on each 
tooth was 1 mm. On account of the high speed at 
which the machine will operate, the makers consider 
that it will be found economical to use it for the manu- 
facture of cutters, reamers and similar tools 
instead of ing them, since the only gashing necessary 
can be done by a narrow slotting cutter, or even by a 
metal slitting saw ; pti gan sagine eo 
special cutters and end mills would thus be avoided. 
The drawings reproduced in 1 to 5 above, 
illustrate the construction of the attachment, which is 
shown in ition on a lathe in Figs. 6 and 7, on 
348. Figs. 8 and 9, on that page, are, respectively, 
Front and back views of the attachment shown 
separately, while Figs. 10 and 11 are end views. 
Reference to the line drawings, Figs. 1 to 5, will show 
that the attachment is mounted on a gibbed plate, 
which is screwed on to the lathe saddle. Into this 
plate is fitted a steel casting having a large hole through 









Fig.3.FRONT. VIEW. 
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which passes the work, or the arbor on which the work 
is mounted between the centres of the lathe. There 
are two oscillating tool posts carrying tools which can 
operate simultaneously on the front and back of the 
work, though, for relieving, the front tool only is 
employed. e tool posts are formed by fork-shaped 
steel castings, each of which is mounted on a separate 
shaft passing through the lower of the main 
casting. These shafts have eccentrics formed at each 
end, and by turning these eccentrics it is possible to 
adjust the cutting tools in a vertical direction to allow 
for any alteration in height which may have been 
introduced by paver 6 he transverse adjustment 
of the tools is e y a knurled nut mounted on a 
stud fixed in the tool post, and working in a slot formed 
in the side of the teal os is best shown in Fig. 7. The 
tools themselves fit in slots in the tool , and are 
each clamped in position by a bolt nut, as will 
be clear from an inspection of Fig, 10. 

The tool posts are rocked by means of two eccentrics 
mounted on a central shaft passing through the upper 
wd of the main casting, and clearly shown in Fig. 2. 

hese eccentrics, which are connected to the tool posts 
by means of short links shown in Figs. 1 and 10, are 
set at an angle of 180 deg., so that angular motion 
of the shaft will cause both the tool posts to advance 
into, or recede from, the work together. Mounted 
loosely on the opposite end of the central shaft 
is a gear wheel and on asleeve extending from the boss 
of this wheel is screwed a ratchet-toothed cam, which 
can be distinguished in most of our illustrations, The 
cam is driven from the nose of the lathe by means of 
a shaft having two universal joints clearly shown in 
Figs.6and7. As will be noticed from the latter figure, 
the key of the gear wheel meshing with the one attached 
to the cam fits into a long keyway, and this ment 
allows the whole attachment to follow the side traverse 
of the saddle in screw cutting or other work, The 
cam rotates at the same speed, and in the same direc- 
tion, as the work, and it may here be mentioned that 
the cam must have the same number of teeth as the tool 
being relieved. The actual diameter of the cam, and 
the shape of the teeth, are immaterial, but the teeth 
must be formed with feather edges. Certain mage 
types of reamers and cutters in which the teeth are 
unequally spaced can be relieved by means of the 
attachment, but for this purpose the teeth of the cam 
must, of course, be spaced to correspond with those of 
the work. 

Referring now to Figs. 4 and 11, it will be noticed 
that the teeth of the cam with an adjustable 

wl mounted on one arm of a bell-crank lever, which 
is pivoted on the main casting. As the cam rotates 
in an anti-clockwise direction the arm of the bell-crank 
lever will be ed downwards until the pawl escapes 
from the tooth of the cam, when it will Be pulled u 
into engagement with the next tooth by the action ot 
a light helical spring seen in both illustrations. The 
combined effect of uprage day wh genet amcor 
an oscilla motion to the bell-crank lever. On the 
other arm of the latter is formed a segmental groove, 
and in this groove a block, to which a short link is 
pivoted, can be clamped in any position. The other 
end of the link is connected to an arm keyed on to 
central shaft, above referred to, and in this way the 








oscillat: motion of the bell-crank lever is com- 
m to the central shaft, and also, through the 
eccentrics, to the tool posts. 


Two short eg Aye 
between projections on the forked parts of tool- 
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= and the main casting, and most clearly shown in 
ig. 4, are provided in order to take up any lost motion 
due to wear of the links, &c. 

It will be obvious that the position of the block 
in the segmental groove determines the magnitude 
of the angular oscillations of the central shaft, and 
consequently those of the tool posts, so that, by 
adjusting the block, the amount of relief can be varied 
at will quite independently of the shape of the cam. 
The actual amount of relief is indicated by a scale 
engraved on the arm of the bell-crank lever, as shown 
in Fig. 4, the figures giving the amount of relief in 
millimetres. The motion will, of course, cease entirely 
if the block is brought down to the centre of oscillation 
of the bell-crank lever, and this enables ordinary plain 
turning, or screw cutting, to be done without removin 
the attachment from the lathe. The only other fea- 
ture of the mechanism now remaining to be explained 
is the means provided for limiting the backward 
movement of the tools in normal working, while allow- 
ing them to be brought back clear of the work before 
reversing the motion of the saddle to commence a new 
cut. This arrangement is best shown in the cross- 
section, Fig. 5, from which it will be seen that a bolt 
fitted with a sliding sleeve is screwed into the middle 
of the central shaft. A tongue formed on the sliding 
sleeve fits into a slot in the main casting, and normally 
limits the movement of the shaft by coming into 
contact with the end of the slot, but when it is desired 
to withdraw the tools from the work the tongue is 
pulled out of the slot by raising the sleeve. This allows 
the spring attached to the bell-crank lever to pull the 
latter back into the position indicated by the dotted 
lines in Fig. 5. In this position the tools will be 
quite clear of the work and the pawl clear of the 
cam ; the lathe can then be reversed without alter- 
ing the adjustment of the tools in the tool holders. 
This is a great advan when relieving screwed hobs, 
such as that shown in the upper part of Fig. 12, and is 
also convenient for ordinary screwing without relief. 

As previously mentioned, the front tool only is used 
for relieving, but for plain turning and screwing both 
tools are employed, and it is then convenient to be able 
to feed both tools into the work simultaneously and to 
withdraw them together at the end of a cut ; otherwise 
there could be no necessity for connecting the back tool 
to the oscillating mechanism. When operating both 
tools for plain turning or screwing the bell- lever 
is pinned in the position shown by the dotted lines in 
Fig. 5, and a simultaneous feed is given to the tools by 
moving the link down the slot in the lever arm. It is, 
of course, not necessary to disconnect the back post 
when relieving; the tool need only be screwed back 
clear of the work, 

An important advantage of the pivoting tool holder 
in comparison with the horizontal slide of the ordinary 
relieving lathe, is that, in the former, the tools can 

usted so that the cutting angle remains constant 
at all parts of the cut, and consequently greater 
cutting efficiency is attained and a tool with much 


able to pick and choose. 
8 ive cou pay i entertained. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—Though the sho of steel is 
reacting seriously on production, the quality of common 
iron arriving in the district is so inferior that makers 
of parts for railway engines and wagons are using steel 
in preference to iron where the substitution can be made 
with improved results. Producers of common and 
finished irons appear to be booked up to the hilt. 


Inquiries for prompt delivery are entertained only at 
v attractive . The inevitable sequel is that 
deliveries are f short. Much the same applies 
to billets and On the other hand the export 


demand for mild steel a beyond the current 
means of production. ers from overseas buyers 
are so numerous that makers are in the unique position 
of wr 87 most lucra- 

od progress is 
being made at foundries and machine shops in tackling 
arrears of work left over from the moulders’ strike, 
though some months must yet elapse before the position 
is brought thoroughly up to date. The marked dis- 
inclination of skilled men to work overtime is one of the 
most serious factors in 


in 


to production that engi - 

masters in South Yorkshire have to contend with. 
orts to secure the co-gperation of local unions in 
promoting freer working have been unsuccessful. The 
subject is therefore left over for national decision. 
There is a tremendous demand for textile machinery. 
Makers are booked up, largely ‘on export account, for 
as much as two years ahead. The abundance of railway 
work is kee the plants fully eng: Makers of 
agricultural its report a revived call on Colonial 
account. All the tool works and the wire mills are 
working under great pressure. The demand for files 
is maintained at a record level. 


South Yorkshire Coal Trade,—The return of wintry 
conditions has brought a further influx of orders for house 
coal, with which merchants, already some months in 
arrears with uirements, are quite unable to deal. 
Otherwise there is little change in the position. There 
is no free coal on the market, and casual business is for 
the moment out of the question. The difficulty is to 
obtain contract and allocated supplies. Consumers of 
steam hards are pressing for expedited deliveries, but 
there can be little improvement in the position while the 
wagon shortage continues such a prominent feature, 
The scareity of coke is reacting on production at the 
furnaces. The full output of best cobbles and nuts is 
leaving the pits on contract account. Quotations :— 
Best branch handpicked, 23. to 24s.; Barnsley best 
Silkstone 23s. to 23s. 6d.; Derbyshire best brights, 
21s. to 22s.; Derbyshire house coal, 18s. 6d. to 19s. ; 
Derbyshire best large nuts, 18s. 6d. to 19s. 6d. ; Derby- 
shire small nuts, 27s. 6d. to 28s. 6d.; Yorkshire inte, 
288. 6d. to 298. 6d.; Derbyshire hards, 28s. 6d. to 
298. 6d.; rough slacks, 24s. to 25s. ; nutty, 238. to 24s. ; 
smalls, 198, to 20s. 





InstTITUTE oF TRANSPORT.—The second meeting of the 
council was held at the tem offices of the Institute 
on Friday, the 5th inst., w neral Sir Henry May- 
bury, K.C.M.G., C.B., presided in the unavoidable 
absence of the chairman, ia —— < oars. 
Owing to the indisposition of the president, the inaugura’ 

ting, which Wis to have he rd y lace on the 15th inst., 





less clearance can be used, That it is ry 
to tilt the tool for this purpose will be obvious when 
it is remembered that the normal to the relief curve 
at the cutting edge of the tooth being formed coincides 
with the soins of the plain cylindrical blank, since 
no metal is removed from this part of the tooth, whereas, 
at the inner end of the curve, the normal is inclined 
by an amount depending upon the amount of relief. 
In an ordinary relieving lathe, in which the tool moves 
horizontally, no allowance is made for this feature, 
and the cutting angle may therefore vary by 15 deg. 
or 20 deg. from one énd of the relief curve to the other. 
Another advantage of the pivoted tool holder is that 
the friction is cnmahdanstity ts 

holder, and consequently a pots proportion of the 
power supplied is available for the cut in the former 
system. It is also pointed out that the fact that the 
tool-holder is operated from a point well above the tool 
gives great rigidity in cutting. 

The attachment illustrated can be applied to any 
screw-cutting lathe of 6 in. centres, or upwards, and is 
capable of dealing with work up to 2} in. in diameter 
‘for the whole travel of the saddle while work up to 
2% in. in diameter and 1 in, wide can be relieved out- 
side of the central hole in the main casting; larger 
sizes are, however, now being made. Messrs. Milton, 
it may be added, themselves us» the attachment ex- 
tensively in the manufacture ot small tools, and we 
are + mp willing to credit their siatement that, in the 
hands of an ingenious mechanic, jt can be adapted for 
@ numer of operations that would otherwise require 
speci | machines, The attachment is sold by Messrs. 
Gaston, Ltd., of 20, Bishopsgate, London, E.C. 2. 





Canton ArsenaL Exrtension.—The Administrative 
Council of the China Mili Gover t have p d 
the following resolutions: ‘‘ That a sum not i 
$500,000 of the customs surplus be speroreeted for the 
extension of the Canton Arsenal. t the arsenal be 





under the supervision of the War Ministry of the | versed 


tary Government.” 


ess than that of a sliding | to be mad 





has been tponed until the 22nd inst., at 8 p.m., and 
will be held at the Institution of Civil Engineers, Great 
George-street, Westminster, when Sir ic Geddes, 
G.C.B., G.B.E., M.P., will deliver his presidential address. 
Invitations have been sent to those who have already 
been elected or admitted to the Institute. A limited 
number of admission cards for visitors introduced by 
members is available, for which early application should 
be made to Mr. H. E. Blain, Hon. retary (pro tem.), 
2 and 3, The Sanct , London, 8.W. 1. A series of 
ordinary meetings is being arranged for the current 
session, at which pers bearing on transportation 
subjects will be read Oe prominent authorities ; <r 
ments for meetings of. graduates and students are 





yp Mawunneares : or Fyan Senenann-neeeng to 
; etallurgical Engineering o t January, 
the Tunsteel Products Company of the United States 
manufactures pure t en for its steel from hand- 
_—s ipplane pe con ting 73 per = of hey by 
‘o! ing process. The ore ie ground in a Braun 
-disc crusher, mixed with an excess of soda ash 
ee es eee 
ite) at eg. C. to convert manganese into 
the dioxide, the fritted mass is leashed with water, and 
calcium t te is precipitated by adding Ca Cl, to the 
solution. e's is boiled with hydrochloric 
acid to obtainea yellow tungstic acid WO; of 99-5 per 
cent., which for further purification is dissolved in 
ammonia and filtered through a Sperry (filter 
paper being interposed between the filter leaves), and 
the washed mud is treated with concentrated nitric acid 
and calcined at about 1,000 degrees in silica crucibles. 
The product looks because the yellow WO; 
om contains some eet oxide ; i — 
+95; 0-0 cent. o! mn Oxi 
"Prhe re Wo 





NOTES FROM CLEVELAND AND (THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The rather long-looked-for 
advance in Cleveland pig-iron prices has occurred, the 
ironmasters, this week, having decided on a rise of 25e. 
For some weeks past the upward movement has been 
looked for, but producers have been reluctant to take 
such action. They have at length, however, been com- 
pelled to do so o' to high and still increasing cost of 
output, and the definite d .cision has created a general 
feeling of relief. Whilst it .s fully realised that immediate 
release of iron to any extent cannot be expected as output 
is taken up as fast as it is made, but with prices stabilised 
renewal of forward business is hoped for. To home 
customers, No. 1 Cleveland pig-iron is now 207s. 6d., 
and No. 3, as well as the lower qualities, is 200s. 
Customers from Scotland have visited the market this 
week in the hope of ee a for enlarged 
deliveries to the North of the Tweed. For shipment to 
France, Belgium, and Italy, No. 1 may be put at 212s. 6d. 
and No. 3 and the lower qualities at 207s. 64d. What 
prices would now be pted for dispatch to other 
countries can hardly be ascertained. 


Hematite Iron.—The advance of 40s. in East Coast 
hematite is slightly ter than was anticipated, but 
makers consider it no more than the situation justifies. 

ucers, generally, are well sold, and are not keen to 
secure orders. No. 1 has risen to 262s. 6d., and mixed 
Nos. to 260s, for home purposes; and for export to 
France, Belgium and Italy, No. 1 may be put at 272s. 6d., 
and mixed Nos. at 270s. 


Foreign Ore.—Sellers of foreign ore are in a very 
strong position, and expect to put through more extensive 
business at high rates. Freights are somewhat unsteady 
at 39s. to 39s. 6d., Bilbao-Middlesbrough. Ore quota- 
tions are based on 5ls. for best rubio on the 17s. ity 
freight from Bilbao, so that the ex-ship Tees se mony of 
rubio may be put at 738, to 73s. 6d. 


Coke.—Coke is exceedingly scarce and very strong. 
Some firms have put prices up, but generally rates on 
not as yet quotably raised, Advance, however, will 
quickly follow the movements in pig-iron. 
Medium blast-furnace coke is 50s. 6d. at the ovens, 
and quality low in phosphorus is 53s. at the ovens. 


Manufactured Iron and Steel.—Buyers of finished 
iron and steel are much in evidence, and they would 





‘doubtless readily pay even above the advanced 


market rates if delivery could be guaranteed, but most 
manufacturers are too fully occupied endeavouring to 
cope with orders in hand to entertain the substantial 
business offering. pa pos ge are pressing for better 
deliveries of plates, steel billets are greatly sought 
after. Almost all other ae of manufactured 
iron and steel are earnestly ed for under running 
contracts, but continued ae at works, due 
chiefly to the inadequate supply of wagons, seriously 
hampers distribution. Further advances in steel are 
announced, and minimum quotations now stand :— 
Common iron bars, 24/.; steel ship, bridge and tank 
lates, 22/.; steel boiler plates, 28/. 10s.; steel les, 


ll. 108. ; steel joists, 211. 10s. ; g steel ( el), 
181. 5a. ; king steel (tapered , 221. 108.; soft steel 
billets, 21/.; hard steel billets, 22/.; heavy sections 


of steel rails, 21/.; fish plates and sleepers, 26/.; and 
galvanised corrugated sheets, 60/. and upward. 





Trrats oF Pam anp Fuser Om TRACTORS FOR THE 
Brie1an Conco.—With reference to our paragraph on 
189 ante, we are requested to state that the Belgian 
colonial Office has decided, at the request of several 
firms, to delay until next July the trial of colonial tractors 
burning palm oil or oe f petroleum, previously fixed to 
take place at mid-April. Subscriptions for the trials 
can be sent to the Ministére des Colonies, 8x, Directoire, 
d’ Agriculture, Brussels, up to June 15. Further, instead 
of two awards of 15,000 francs and 10,000 francs re- 
i -” as stated in our former notice, two 


tractors burning -oil or some similar 


petroleum residues. 





TESTING THE MILDEW RESISTANCE OF TEXTILES.—In 


of the yes 4 ¢ 
Chemistry, Washington, D.C., B. 8. Levine an 5) J 
Veitch have recently investigated methods of Resting the 
waterproofing and mildew of textile fabrics 
such as cotton ducts and cotton canvas which are largely 
required by farmers and others. The usual mildew test 
is to bury the fabric 12 or 15 in. deep in the ground 
and to look for mould at the end of a month. This is 
a test for bacteria which vary with the style of soil, 

materials ha 


nomi 
If there be no mould growth the discs are inoculated with 
cultures of moulds and incubated for several weeks. 
sng with the leboratory tents, Phos Tattr 
wi a 
od an gilt accelerated teste are 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
State of Trade—Trade generally in the West of 
Scotland never was better than it is at present when 
considered from the point of view of demand. Almost 
all industries are head over ears with work, and material 
cannot be turned out fast enough to suit buyers, who 
keep up @ constant pressure for supplies, and whose 
requirements are on a very large scale. The shipyards 
are very busy, and the various engineering shops have 
peed mm amount of work on hand. Manufacturers all 
ro complain of the difficulty experienced in obtaining 
both raw and finished material in sufficient quantity to 
keep their establishments going. Although prices of 
ing have risen to unheard of levels the ery for 
the goods not in the slightest degree eased off, and it 
looks as if the demand got greater with every advance 
in quotations. Freights have been rather a serious 
thing of late, and these still seem to be tending upwards. 


Scotch Steel Trade.—In the steel trade of Scotland 
the conditions have varied very little over the week, 
and each day accentuates the fact that the demand far 
and away exceeds the es The output is, on the 
whole, very good, but it would require to be well-nigh a 
hundred times larger for a bit in order to meet the mt 
requirements of consumers. 4 as much as they like, 
it seems utterly impossible on the part of the producers 
to satisfy the urgent demand for all classes of steel 
material, ng tng | new in the way of specifications can 
be looked at for delivery this half-year, and in a number 
of cases some very enticing inquiries have had to be 
declined. Prices are very strong, and business is only 
taken on the understanding that current rates will be 
charged when goods are invoiced. Home consumers of 
ship plates, boiler plates and sections all keep gasping 
for deliveries which at once go rapidly into consumption. 
Export is very quiet, as there is really so little that can 
be si for abroad. For black sheets the demand 
continues very heavy, and the output for months to come 
is ly earmarked, while galvani sheets have 
been in good oo pe lately and even at the present high 
price have found a very ready sale. India and Australia 
have been in the market, and 
shipped there as well as to Japan. 


Malleable Iron Trade.—Active conditions are general 
in the malleable iron trade of the West of Scotland, and 
despite the Jarge output there is nothing left over, and 
buyers keep demanding more and more. For months 
to come little in the way of new business can be under- 
taken by p.oducers who have already a t amount 


of work on their order books to tackle, but still inquiries a) 


keep rolling in unsolicited. The export side of the trade 
is very nearly a dead letter for the present so great is the 
demand on home account. 


Scotch Pig-Iron Trade.—The tone of the Scotch 
pig-iron trade has not changed and is as strong as ever. 
Foun iron is still extremely scarce, and every ton 
available is eagerly desired locally. Prices are extremely 
high owing to the heavy freights demanded for raw 
material. Hematite is in big demand by steelmakers, 
who at times seem unable to secure sufficient for their 
needs. Export trade is very quiet. 








PrrsonaL.—Messrs. Perman and Co., Limited, 82-83, 
Fenchurch-street, E.C. 3, state that the ment under 
which the British Kromh_ ut engines were hitherto manu- 
factured for them by Messrs. Plenty & Son, Limited, of 
Newbury, has 5 meapes and these i will in future 
be manufactured for them by Messrs. Day, Summers and 
Co., Limited, Northam Ironworks, Southampton. As 
formerly, the engi will be constructed under the 
supervision of t inventors, Messrs. D. Goedkoop, 
Junr., Kromhout Works, Amsterdam, whom Messrs. 
Perman have represented in this country since 1904.— 
Erith’s Engineering Ccmpavy, Limite*, have now 
removed to 83, Kingsway, W.C. 2, and their new telephone 
number wili be Gerrard 1106.—The Monmouth Ship- 
building Company, Limited, have acquired the interest 
of the Ministry of Shipping in the National Ng 84 at 
Chepstow, and Edward Finch and Co. (1916), Limited, 
as at March 3, 1920. All correspondence relating to 
outstanding matters, should, therefore, be addressed in 
future to the Monmouth Shipbuilding Company, Limited, 
Chepstow, Mon., and not to the National Shipyards, and 
Edward Finch and Co. (1916), Limited, as heretofore.— 
In consequence of the death of Mr. Albert Amsler, 
late partner in the firm of Amsler Brothers (formerly 
J. Amsler-Laffon and Son), Dr. Alired J. Amsler 
become sole proprietor of the Schaffhouse (Switzerland) 
firm, which has been istered under the name of 
Alfred J. Amsler and Sn —ieaen, Henry Berry and Co., 
Limited, Croydon Works, Leeds, have opened a London 
office at No. 38, Victoria-street, Westminster, 8.W. 1, 
under the management of Messrs. W. A. Walber and Co. 
—We have been asked to announce that the London 
office of Messrs. Armstrongs and Main, Limited, general 
and¢ constructional i (an allied company of 
Sir W. G. Armstrong, itworth and Co., Limited), has 
been removed from 3. Blenhein.-street, New Bond-street, 
W. 1, to Australia House, Strand, W.C. 2. to which 
address, on and after the 22nd inst., all communications 
should be addressed.—In a recent communication it was 
stated that the appointment of Official Arbitrators for 
Scotland and Ireland under Section 1 of the on pee 
of Land (Assessment of Compensation) Act, 1919, might 
shortly be anticipated. The Reference Committee for 

tland and Ireland respectively have offered these 
appointments to Mr. George John Hamilton Gordon 


raser, F.8.1I., of Dalzell N.B., 
pe o as Estate Office, Motherwell, 





wdon Maurice Hewson, F.8.1., of 
Dromshair, Count itrim. Both these gentlemen, each 
of whom is a tom hoo ane _ 


surveyor, have accepted office. 





some lots have been | 


| 
| 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Market.—Conditions governing business are 
unchanged. The requirements of home cx Ss are as 


NOTICES OF MEETINGS. 
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Rat A 





pressing as eyer, and practically the whole output of the 
coalfield is absorbed by the authorities for despatch 
inland, both by rail and sea, with the result that export 
business remains virtually at a standstill. It is onl 
possible to secure releases of comparatively small 
uantities of inferior grade coal for chip ent abroad. 
he local docks are congested with ailoping, and in 
addition there are a we Tage wry of vessels waiting in 
the roads, notwithstanding that many steamers have 
been sent from the district in ballast to load homeward 
cargoes. Prices for coal for shipment to home ports 
for bunkering purposes are firm at 110s. to 115s. per ton 
for irrespective of quality, 105s. throughs, 95s, to 
97s. 6d, best steam smalls, and 90s. to 95s. for ordinary 
smalls. Foreign exports last week at 296,169 tons, were 
the smallest for any single week this year, with the 
exception of the week ending January 9, when they 
to 272,063 tons, when shipments were also restricted 
because of the home demand consequent on the loss in 
roduction caused by the Christmas and New Year's 
holidays. To France last week there was sent 192,203 
tons, — to 65 per cent. of the total shipment, and to 
Italy 38,743 tons, or about 13 per cent. of the total. 
Coke and fuel are practically unobtainable, as makers 
are already booked up on contract for the next co’ 
of months ahead. For the small ls of coke available 
160s. is readily forthcoming and for fuel 120s. 


Miners and Direct Action.—At a special conference 
of the South Wales Miners’ Federation, on Monday, it 
was ided by an overwhelming majority that the 
delegates to the conference of the Miners’ Federation 
of Great Britain on Friday be instructed to vote in favour 
of the proposal that in the event of the Government 
refusing to nationalise the mines, steps be taken to 
bring about a general strike with the view to ‘‘ com- 
pelling’’ the Government to do so. It was also decided 
to direct the delegates to press for an immediate all-round 
increase of 2/. a week on colliery workers’ wages. 


Colliery Company Bonuses.—Ocean Coal and Wilsons, 
Limited, propose to increase their issued capital from 
4,396,600/. to 6,650,000/., to split the 5i. into 
five shares of 1/. each and to distribute from the reserves 
of the company 2,000,000 ordinary shares in the ratio 
of two fully paid ordin shares of 1/. each for every 
three fully-paid shares of lJ. each already held. The 
Fernhill Collieries, Limited, also propose to increase i 
on from 150,000/. to 350,000/., and to distribute to 
ordinary shareholders three 8 per cent. cumulative 
participating up to 10 per cent. preference shares of 1. 
each, fully-paid, in respect of every two ordinary shares 
held out of the undivided profits of the company. 

The Iron and Steel Trades.—The continued strike of 
steel workers has brought production of tin plates to an 
almost complete standstill, as the works have been in the 
majority of cases compelled to shut down for lack of 
sheet bars. Available supplies are uently reduced, 
and makers have advanced prices to 80s. lor the standard 
box and 77s. for July-September shipment. Inquiries 
are of a pressing character, and buyers aopeee ready to 
per ee ee Up to 321. per ton has been done 

or tin and sheet bars. 





ANNIVERSARY A = GorrHaRD Ber -= 
Feb 29 was the forti anniversary of the piercing 
of the Gotthard on pony A gon A 29, ws ba | the 
leading eres a»ged in th» construction, the follow- 
ing are aualte or es see from a note in the Schweizert- 
sche Dauzertsung of the date mentioned: Franz Lusser, 
then chief in southern half; Gustav Zollinger, A. 
Zollinger, A. Bachem, G. Renker (now in Duren on the 
Rhine); Professor Dolezalek, of galvanometer fame, now 
in Charlottenburg; and Dr. H. Dietler, who remains 
one of the directors of the Gotthard Railway. The con- 
tractor, Louis Favre, died during the completion of the 
operations. - 

Tre InstirvTiIon oF AUTOMOBILE ENGINEERS.—At 
the annual general meeting of this Institution, held on 
the 3rd inst., the council were able to poment a very 
satisfactory report for the year 1919. The membership 
now stands at 1,247, the new members elected during 
the year being ter than ever previously recorded, in 
spite of the higher standard of qualifications demanded 
and the imposition of an entrance fee. This latter 
method of increasing the receipts of the Institution 
was decided upon in preference to raising the subscription, 
but it is, of course, fully realised that it can y be 
effective so long as the work of the Institution is of 
sufficient value to attract new members. Thirteen 
meetings were held during 1919, in place of the usual 


eight, the additional meetings teing held in Birmingham 
with the special object of encouraging motor-cycle 
design. Next session it has been arran, for 


to be held on the second Wednesday in the mon 

instead of on the first Wednesday as at present, in order 
to avoid clashing with the meetings of some other bodies. 
Another new feature to be introduced into the procedure 
at future i of the Institution is the provision 
of a box in which members merely wishing to ask a 
question on the paper can place in the box a slip on 
which the question has been written, and the author 
will deal with these questions in the course of his reply 
to the discussion. idea seems likely to be highly 
appreciated by those members who are too nervous 
to ask oral questions, and it may effect some economy 
in time if made use of by some of the —— an 
In any case it is an interesting experiment, and result 
should be carefully noted by other technical societies. 


their | Society and 





y, March 13, in the Assembly Room of the 
Cycling Club, Cavendish-street, the hth Lecture of 
Session 1919-20 will be given by . A. Bramley, 
D.8e.(London), A.R.C.8.(London), F.LC., D.LO. of 
Loughborough. Subject, “‘ Nitrogen and Ite Uses.” 
Chair to be taken at 6.30 p.m. by the president. 

Tue Surveyors’ Inetrrution.—Monday, March 15, 
at 8 p.m., Meeting in the Lecture Hall of the Institution 
A will be read, entitled “The Third Report of the 

ition sg Me ag of Land Committee on the 


Tse InstrroTion or Exneoraica, Enorvrers.— 
Wrme.ess SecTIONAL MegTtnc.—Wednesday, March 17, 
at 6 p.m., at the Institution of Civil Great 
, Westminster, 8.W. 


Telethony * 'So Seinen \0 
$ me on ion to 
Aircraft,” by Captain BP Habe Eckersley. 

Tue Royat Mereoro.ocricat Soormry.—Wednesday, 
March 17, at 5 p.m., in the Rooms of the Royal Astro- 
nomical , House, Piccadilly, when a 
Lecture on “ 


from an ” will be 
delivered by Captain C, K. M. selan FRMot. Soc 
The chair will be taken by Mr. R. H. Hooker, F.8.5., 
President. 


Tue Royat AgronavutTicat Socrery.—Wednesday, 
March 17, at_8 p.m., at the Royal Society of Arte, John- 
street, Adelphi, London, W.C.2. A Lecture on “ Air- 
ship Machinery: Past Experience and Future — 
ments,” will be delivered by Major C. F. Abell, 0.B.E., 
Associate Fellow. The chair will be taken by Colonel 
the Master of Sempill, A.F.C. 


PB i gee y pepe be Hovel lasdoation Go) ‘ 
, at 8 p.m.,, at uitt. 
street, a Joint ‘Mesting of Archi a 


Y ), entitled ‘‘ Bricks and Brickmaking, 
a Geological Standpoint.”’ ns 

Tue Royat Socrery or Arnts,—Wednesday, March 17, 
at 4.30 p.m.: i “ Street P r 
Transport of London,” by Mr. 
M.Inst.C.E., M.LE.E. Mr. William 
M.P., Chairman of the pie Opes 
Traffic, will preside, Friday, 
Indian Section, *‘ The Indian Currency 
Developments,” by Sir William 8. Meyer, G.C.I.E., 
K.C.8.1., Financial Member of Council of the Governor- 


General of 1913-18. The Right Hon. Lord 
Chalmers, G.C.B., LL.D., will preside. 


Tue Instirvtion or Exsorrican Enomezzrs.— 
Thursday, March 18, at 6 p.m., at the Institution of Civil 
Great George-street, Westminster, 8.W,. 
Adjourned discussion on the atte Fa “ Notes 
on ing a By-Product Producer Plant for 
Power and " by Mr. W. H. Patchell, Member ; 
‘Production of from Blast-Furnace Gas,’ by 
Mr. 8. H. Fowles, Associate Member. 


Tue InstiruTiIon or Mintne anp MeTatturcy.— 
Thursday, March 18, at 5.30 p.m., at the Rooms of the 
Geo! , House, Piccadilly, 
London, W. 1. The following paper will be submitted 
for discussion: ‘Tin and ten Deposits: The 
Economic Significance of their Relative Temperatures 
of Formation,” by Mr. William R. Jones, Member. 
(To be illustrated by lantern slides.) 


Tue Royat InstrrvTion or Great Barrrarw.— 
Friday, March 19, at 9 p.m., a discourse will be delivered 
by Mr. Edward McCurdy, M.A. The subject is 
“Leonardo da Vinci.” Afternoon Lectures, at “Mm. : 
Tuesday, March 16, Professor Arthur Keith, MD. 
LL.D., F.R.S., F.R.C.8., M.R.I., Fullerian Professor of 
Physiology, on “ British Ethnol : The Invaders of 
England” (Lecture III); Th y, March 18, Mr. 
Stephen Graham, on “ (1) The Spirit of America after the 
War”’ ; Saturday, March 20, Professor Sir J. J. Thomson, 
O.M., LL.D., D.8c., Pres.R.8., M.R.I., Professor of 
Natural y, on “ Positive Rays ’’ (Lecture V). 


Tse Iwstiroetion or Mecuanica, EnGIngERs.— 
Friday, March 19, at 6 p.m. yy noN ** Exact Data on 
the Performance of Mechanical Stokers, as Applied to 
‘Lancashire’ or other Nerrow-Flued Boilers,” by 
Mr. David Brownlie, of Manchester, Associate. 





Acoueding to Engineering Newe-Resond, Bow York, there 
to Engineering News- ew York, ti 
has ws dapper made public by the Director-General, 
United Railroad Administration, records compiled 
by the Safety Section of the Division of tion, which 
show that during the first ten months of 1919, 1,107 fewer 
employees were killed in accidents and 25,930 fewer 

ees were injured than during the corresponding 

Py in J + Rwy Bm 

to anuary, 1919, on- 
trate jy wt safety practices. 
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RELIEVING ATTACHMENT FOR LATHES. 


CONSTRUCTED BY MESSRS. MILTON, LIMITED, ENGINEERS, STREATHAM, LONDON. 
(For Description, see Page 345.) 





Fig. 8. 


























Fig. 12. Fig. 11. 
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THE DEVELOPMENT OF NAVAL 
MACHINERY. 

From its very inception the Institute of Metals 
has been splendidly supported by our naval authori- 
ties. Its first president was the late Sir W. H. 
White, who, as one of the most capable of our long 
list of chief constructors to the Admiralty, had 
attained an international reputation. When the 
war broke out, Sir Henry Oram was president of the 
Institute, and to-day the chair is occupied by another 
chief engineer to the Navy in the person of Sir George 
Goodwin, K.C.B., LL.D. This close association 
between the Admiralty and the Institute of Metais 
is but fitting, since the British Navy is the largest 
individual user of non-ferrous metals in the world. 
Long ago, indeed, it used to be accused of extra- 
vagance in this matter, a condition which the rigid 
system of Treasury control tended to foster, since 
sums saved by economies effected in construction 
had to be paid back to the Treasury. In some 
memoirs recently published, Lord Fisher has ex- 
plained how matters of this kind have been dealt 
with in late years. The savings effected in the 
construction of certain ships in the years imme- 
diately preceding the war were, he states,. diverted 
to the construction of submarines, the transaction 
being so cleverly hidden that the accountants 
appointed by that “necessary infliction,” the 
Treasury, were as unable to trace the diversion as 
if the surplus saved had been expended on an 
extravagant use of brass and bronze in the vessels 
on which there appeared a probability of the cost 
being below the estimate. In such matters the 
House of Commons unfortunately is prone to 
believe that good book-keeping is an all-sufficing 
proof of efficiency. Quite recently a committee of 
the House awarded on this ground a testimonial for 
efficiency to the War Office ; yet throughout, at any 
rate all the earlier period of the war, this department 
showed a singular imperviousness to new ideas. 
In fact, the suggestion of “ tanks”’ was originally 
turned down out of hand, and only rescued by the 
decision of the Admiralty to test the idea on their 
own account. 

Thirty years or so ago there was perhaps not 


1/ much difference in this regard between the Army 


and Navy headquarters. In fact, we still have old- 


352 | *YPe admirals writing to the papers and deploring 


the innovating zeal which, as Sir George Goodwin 
pointed out, in his interesting and informing address 
to the Institute of Metals last Thursday, made our 
ships individually superior to those of,all possible 
vy of the 
water-tube boiler may perhaps be taken to mark 
the inauguration of the new era. For many years 


7} the importance of speed had been underestimated 


by those responsible for our naval policy, and as a 
consequence there was little difference _ between 
the machinery built for warships and for mercantile 
vessels. When the advantages of high speed began 
to be realised, the attempt to gain this by means 
of forced draught applied to the ordinary type of 








marine or locomotive boilers resulted in serious 
troubles. These were only partially alleviated by 
fixing ferrules at the mouths of the fire tubes. If 
our memory serves us, the first real step in advance 
was made by Sir John Thornycroft with the boilers 
of the Daring, and his example was quickly followed 
by other eminent builders. When, however, the 
proposal was made to adopt water-tube boilers 
for the main units of our Navy, a very storm of 
protest arose, and the country owes much to the 
naval engineers of that date, who persisted in 
carrying through this most unpopular policy where 
weaker men would have yielded to the clamour 
and postponed this most necessary reform until its 
value had been demonstrated by foreign navies. Of 
course, we have am us unscientifically-minded 
men like the late Lord Beresford, who vociferously 
maintained that our Navy should never lead in the 
introduction of mechanical improvements, but 
merely copy these as they were originated by foreign 
thinkers. Had such views prevailed, our supremacy 
would have been jeopardised. 

It remains, of course, true that the water-tube 
boiler is still a rarity in the mercantile marine, 
but, as Sir George Goodwin has pointed out, there 
are most essential differences between the require- 
ments of the two services. A merchant ship covers 
most of her mileage at a speed not greatly different 
from that obtained on her full power trial, whilst 
in the Navy the power at cruising speed is commonly 
one-tenth or less of that developed on the steam 
trials. Moreover, the equipment must be such that, 
it is possible to attain full speed and power with 
the greatest possible rapidity. A modern destroyer, 
with steam up, can, in fact, attain full speed 
from rest in less than 10 minutes, a feat made 
possible by the use of oil fuel, a departure in which 
again our Navy led the way. 

The most striking and important innovation 
which has characterised the history of naval 
machinery during the past few years has, however, 
been the introduction of the marine turbine which 
we owe to the genius of Sir Charles Parsons. The 
new departure was, as Sir George Goodwin observed, 
not adopted without some feeling of regret at the 
supersession of the splendid reciprocating engines 
which, as the results of generations of effort and 
experience had attained about their acme on the one 
hand in the engines of high-speed destroyers, and 
on the other in the engines of the “‘ Good Hope ”’ 
class, which developed 15,000 h.p. on a single shaft. 
Such engines at work were a truly impressive sight. 
The geological record shows, however, that an 
organism seems never to be in more danger of 
supersession than when it has apparently attained 
the height of its development, and a similar pheno- 
menon is often observed in mechanical matters, and 
so it proved in the present instance. Marvellous 
as the high-speed destroyer engines were, yet, as the 
late Mr. Carnt pointed out, a trial trip was always a 
matter of anxiety in spite of the very great care 
exercised in the shops to ensure that nothing but 
absolutely sound material entered into their con- 
struction. There were indeed repeated instances 


‘of wrecked engine rooms due to the fracture of 


defective connecting rods which had passed success- 
fully the closest scrutiny in the course of their manu- 
facture. There was an end of such disasters with 
the introduction of the turbine into the Navy. 
This gave us a long lead, which was followed but 
slowly and under protest by warship constructors 
elsewhere, who were loth to believe that their 
slowly and expensively-acquired experience had 
suddenly become almost valueless. 

With marine turbines the worst to be feared 
is a strip, which has no such disastrous consequences 
as the fracture of a connecting rod, and it is interest- 
ing to note that Sir George Goodwin is able to give 
what is, on the whole, a satisfactory statement as to 
the comparative absence of blading troubles in the 
Navy. In the case of reaction blading the ordi 
brass alloy has, he states, lasted well, but with 
the introduction of impulse elements, blading 
troubles increased. This is quite in accord with 
land experience where, when disc and drum machines 
were first introduced, the impulse blading failed far 
more frequently than did that in the reaction sec- 
tions. The higher stresses, to which impulse blading 
is commonly subject, necessitates special care in its 
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design and manufacture, and inexperienced makers 
have suffered accordingly. 

Sir George Goodwin, in his presidential address, 
states that in the Navy phosphor bronze is being 
adopted for such blading, as the strength is only 
reduced from an original value of 23 tons per square 
inch at ordinary temperatures to 20-7 tons at 
450 deg. F. A still stronger material is, however, 
desired. The steel blades, nickel coated, introduced 
by Mr. Ferranti, are, it is said, giving good results, 
so far, on the two destroyers to which they have 
been supplied. The process is, however, only 
suitable for blading of uniform section, which is a 
drawback when the blade is to be heavily loaded. 

One notable point in Sir George’s address is the 
statement that there has been no blade erosion in 
the Navy. This is common on land, and has some- 
times been attributed to the presence of water 
in the steam. This hypothesis seems, however, 
definitely disproved by the experience cited, which 
seems to indicate that the erosion should be attri- 
buted to lime carried over from the boiler in priming 
water. As distilled water is used for the make-up 
in the Navy, there is no lime present, and the blades 
escape erosion accordingly. 

Credit is also due to the Navy for its enterprise in 
adopting reduction gearing between the turbine 
and the propeller shaft. For this innovation, again, 
the credit is due to Sir Charles Parsons, whose first 
installation was fitted to a launch in 1897. The 
turbine was of 10 h.p., and the propeller ran at 
1,400 r.p.m. A period of twelve years intervened 
before the next installation was fitted to the 
Vespasian. Since then progress has been rapid, and 
to-day as much as 18,500 h.p. is being transmitted 
through a single pinion, the pitch line speed being 
132 ft. per second, and the load carried nearly 
700 lb. per linear inch of pinion face. Much has been 
done in the Navy and at the Admiralty in respect 
of non-ferrous metals ; and our readers will read 
with interest the extract which we make from Sir 
George Goodwin’s address on page 354 of this issue. 





RESTORATION OF PRE-WAR PRACTICES 
IN WORKSHOPS. 

An important judgment was given by Mr. Justice 
Roche on February 27, 1920, in an appeal by Messrs. 
Smith, Barker and Willson, machine tool makers, 
Halifax, against a judgment of the Halifax Muni- 
tions Tribunal in a prosecution against them on 
behalf of the Amalgamated Society of Engineers 
under the Restoration of Pre-War Practices Act. 
The facts, as they appear from the judgment of the 
Tribunal, were as follows:— — 

Prior to the war, females were not employed by 
the firm on machine work, but during the war the 
firm introduced female labour on fitting, turning, 
slotting and general machine work, and they still 
continued to employ a considerable number of women 
on that work. The object of the prosecution was 
to compel the firm to revert to male labour. The 
Union contended that as the firm had departed 
during, and in consequence of, the war from the 

-war practice of the establishment they were 
bound by the Restoration of Pre-War Practices Act 
to restore their pre-war practice and have the work 
done by male labour for the period of one year 
fixed by the Act. On the other hand, the firm con- 
tended that there was a general practice in the 
industry of employing women on the work in 
question and that although they had departed 
from their own pre-war practice they had not de- 
parted from the trade practice and were therefore 
not bound to revert to male labour. The Tribunal 
adopted the union’s contention and, it is understood, 
refused to hear evidence of the general practice, 
and convicted the firm of :, breach of the Act and 
imposed a modified fine. The firm appealed. The 
appeal raised the question of the construction of 
Section 1 (sub-section 1) of the Act, on which 
conflicting decisions had been given by the tribunals 
in different parts of the country. Read by them- 
selves the words of the Act seem plainenough. They 
are as follows :— 

“Where in any establishment to which this Act 
applies, any rule, practice or custom obtaining before 
- spook os ot industry or branch of an industry 
(hereinafter referred to as a trade practice) has 





during and in consequence of the present war been 
departed from, the owner of that establishment shall 
be under an obligation . . to restore or 
permit the restoration of the trade practice so 
previously obtaining, and for one year after such 
restoration is effected, or if it has been effected 
before the date of the passing of this Act for one 
year after that date, to maintain and permit the 
continuance of the trade practice.” 

The unions, however, relied on the fact that para- 
graph | (which has been repealed by the Restoration 
of -War Practices Act) of Schedule II of the 
Munitions of War Act, 1915, provided in effect + 
any departure during the war from the practices 
‘i ies in the workshops, shipyards and other 
industries” prior to the war, should be only for the 
period of the war, and that in terms of paragraph 6 
the owners of a controlled establishment were bound 
to keep a record of the nature of every departure 
from the conditions prevailing when the establish- 
ment became a controlled establishment. 

Mr. Justice Roche pointed out that it did not 
follow that every departure from the conditions 
which prevailed in an establishment at the time when 
it became controlled was a departure from a trade 
practice ; and he held that the words above quoted 
from the Restoration of Pre-War Practices Act 
deal with trade practices of general application. 
He added: “In this connection I observe that 
much stress is laid in the decision under review 
upon the consideration that unless its view be 
adopted the Act will be nugatory. I do not agree. 
Exceptions may exist in this as in other spheres 
where rules are ascertainable, and in my view neither 
universality nor absolute uniformity is necessary 
to establish the existence of a rule, custom or practice 
within the meaning of this Act. The good sense of 
tribunals can, I am sure, be trusted to administer 
the Act without any necessity to limit their purview 
to each particular establishment brought before 
them to the exclusion of more general considera- 
tion.” 

The conviction was therefore quashed and the 
case was remitted back to the Tribunal to be pro- 
ceeded with in accordance with the above ruling. 
A judgment to the same effect was given a few 
days later, viz., on March 2, 1920, by the Scottish 
Munitions Appeals Judge, Lord Sands, in the 
vom ad case of Prentice v. Wm. McPhail and 





MERCANTILE SHIPBUILDING IN 
ROYAL DOCKYARDS. 

The report of the Colwyn Committee on utilising 
the facilities of the Royal Dockyards for the con- 
struction of merchant shipping is not a very satis- 
factory or inspiring document. In _ suggesting 
that the Admiralty should itself for the present 
undertake mercantile shipbuilding, it proposes 
what it admits is a temporary expedient to tide 
over an awkward situation, and leaves the future 
to look after itself. The report concedes the fact 
that the “future of the shipbuilding trade is un- 
certain, and offers no guarantee of a long era of con- 
struction,” but opines that “in the present position 
of the shipping trade the Admiralty will be able 
to build without loss.” The committee clutches 
at this straw as it floats by and uses it to support 
a scheme which is clearly an endeavour to meet 
the importunate demands of labour. So artless 
are the proposals that the Committee is practically 
forced to admit that its plans are neither very 
practical nor very sound. No great strength of 
mind or character is required to draw up a report 
which evades any permanent solution of the problem 
under discussion. This report is a palpable 
endeavour to appease a faction, but a sufficient 
nicety of conscience seems to have been retained 
for the Cqammittee to realise that something in the 
way of an apology to the rest of the community 
is necessary for this lamentable end to their efforts. 

A momentary boom exists in the shipbuilding 
trade, and this opportunist committee propose that 
advantage should be taken of it to construct, in the 
dockyards, vessels which would otherwise be ordered 
on our private yards. This follows upon the con- 
struction of rolling stock at Woolwich Arsenal, and 
the policy of interfering with our great national 


THE 





industries in this way cannot be too strongly 
deprecated. .The principle to which the door has 
now been opened may easily be spread to almost 
any industry in the country, for practically al! 
were working under abnormal conditions during the 
war which is made the excuse in this instance. 

The boom must pass, as the committee forsees, 
and when it does, as it surely will, all the earlier 
for this action of the Government, what will 
follow ? When orders and prices fall off, will 
it still be considered, as it is now held, to be “ the 
duty of the Admiralty to provide work in the 
dockyard towns for the men whom they retained 
and collected into their service during the war” ? 
The committee does not face this point. May we 
remind it that the Army has not thought it necessary 
to retain all the men it collected during the war ? 
It was commonly regarded that the recent war was 
of an exceptional character and that most of the 
service could only be of a temporary nature. Our 
men, when they volunteered for the Army, had no 
expectation of continued service after the cessation 
of war conditions, and they have now come home for 
the most part imbued with a manly spirit to find 
work where they may and reconstruct their hones. 
Have the dockyard hands, who fared comfortably 
during the war itself, any claim to preferential 
treatment ? The result of the present proposal 
will be that when the temporary jobs come to an end 
with the inevitable changes of condition, this labour 
will be cast adrift and the distress will be enhanced, 
whereas possibly, if the necessity were squarely faced 
now, this labour might find employment elsewhere 
which would tide it through a depression. The pro- 
bability is, of course, that if the principle is admitted 
now, in a boom, we shall be asked to continue con- 
struction at a loss afterwards, also on the plea of 
mitigating distress, and the State will eventually 
become a philanthropic institution for the support 
of men who have not sufficient independence and 
enterprise to win their own way in the world. 

The committee appears further to rely altogether 
too much on the goodwill and co-operation of the 
men. It states that it is confident that the men 
would “co-operate to the fullest’ extent in making 
the endeavour a success.” This is not exactly 
business. Even under the call of war, when the 
co-operation of the whole nation was essential to 
success, this was far from being given ungrudgingly 
in some industries, among them the shipbuilding 
trades being regrettably conspicuous at times. 
Is it conceivable that men in Government employ, 
whom it is virtually proposed to pension by finding 
them work in an industrial dead-end, will give in 
peace anything comparable with their war effort ? 
In these days this seems to be expecting rather a 
lot in the way of practical gratitude. The com- 
mercial builder is not quite so trustful. He is pre- 
pared to pay for the co-operation he enlists, and 
ensures the introduction of methods calculated 
according to his forecast to produce a reasonable 
profit. His and all other industrial organisations 
are arranged to this end, yet nothing of this nature 
appears in the Colwyn report which seems to rest 
on goodwill alone—a very unstable foundation. 

It is quite possible as the report suggests, that 
the partial use of the dockyards by private builders 
might prove unsatisfactory. It is difficult, however, 
to form correct conclusions without a great deal of 
evidence. That coming from permanent dockyard 
officials would naturally, if unconsciously, be 
liable to some degree of bias. If the yards are partly 
superfluous, and the evil day of closing them must 
come (always supposing the authorities to be 
accurate in their forecast of the needs of our Navy) 
it would be surely better to face the fact now than 
procrastinate till industrial distress is generally 
acute. If repairs could be concentrated into some 
yards a purchaser might possibly be found for one 
or more others. But if none is forthcoming it may 
be taken that the outlook for commercial building 
under the conditions of the port. is unsound. 
Anyway we cannot ignore the fact that in industry 
fluctuations of business are inevitable. For one 
reason among othere we cannot control the extent 
of competition. ‘The migration of labour is not 
unknown in this country, and the fortunes of whole 
countrysides have changed for better and for worse 
before now, and the labour in some cases has been 
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directed into better channels. As the committee 
state that it was “ not asked to examine the general 
economics of the situation ” it cannot be blamed for 
stopping short of the really vital point, but it will 
be regretted that the report adds little of any real 
value to the question how to deal effectively with 
these surplus establishments. 





NOTES. 
ImprRiaL WIRELESS COMMUNICATION. 

Definite proposals for an Imperial Wireless Chain 
have been submitted to the sub-committee dealing 
with Imperial wireless communications by Marconi’s 
Wireless Telegraph Company, Limited. It is 
proposed that such trunk routes and branches shall 
be provided as would enable England to obtain 
wireless communication with any part of the 
Empire. The scheme depends in no case on sub- 
marine cables, and the use of land lines is avoided 
as far as possible. Such land lines as are used 
would be for the purpose of communications between 
the public and the nearest wireless station. Where 
alternative trunk routes are available, both are 
provided for. The main routes are from England 
to India, and thence on to the Straits and Australia, 
with a branch to Hong Kong; from England to 
Egypt, and thence to East and South Africa ; from 
England to Egypt, and thence to India, &. ; from 
England to West Africa, and thence to South Africa, 
with a branch to South America ; from England to 
the West Indies; from England to Montreal, and 
thence to Vancouver; and from Australia to 
Vancouver. This latter would be a night service 
only to begin with. There would be a large number 
of main feeder stations for distributing to local 
feeder stations, and this distribution system could 
be extended to any extent without affecting the 
scheme of the trunk systems. As an example of the 
main feeder station systems, it is estimated that 
Egypt would require feeder stations for Malta, 
Gibraltar, Khartoum, Greece, Turkey, Bulgaria, 
Roumania, &c. The Marconi Company offers to 
erect, maintain and operate this Imperial wireless 
service entirely at its own cost. It would pay to 
each Government in whose territory one or more 
stations were situated a yearly sum equal to 25 per 
cent. of the net profits earned by the station or 
stations. After thirty years the stations would 
become the property of the Governments concerned, 
free from payment, and the company would agree 
to complete the trunk stations in a period of three 
years. The Government or Governments concerned 
would also have the right to take them over at any 
time on paying for them the value at which they 
stood in the company’s books, plus any sum expended 
in the creation of the services, and by paying to the 
company 10 per cent. of the gross receipts for the 
remainder of the thirty years’ period. In case of 
war the Government would have the right to take 
over control. The company would reserve the right 
to extend the system to foreign countries to any 
extent, providing, however, that Imperial traffic 
should always have preference over foreign traffic. 


“* Distrnotivz”’ Traapz Magxs. 


Messrs. John I. Thornycroft and Co., Limited, 
recently applied for an order of the Board of Trade 
or of the Court that the Registrar of Trade Marks 
might be directed to proceed to register. the name 
“ Thornycroft ” as a trade mark. The application 
was made under Section 9, sub-section 5, of the 
Trade Marks Act, 1905, as the mark did not contain 
or consist of at least one of the essential particulars 
laid down in Sub-sections 1 to 4 of Section 9. 
Section 9, sub-section 5, was introduced into the 
Trade Marks Act, 1905, because it was found that 
names were, in fact, being used as trade marks, and 
in some cases it served to distinguish the goods of 
the proprietor of a trade mark from those of other 
persons, and it was desired to extend the advantage 
gained by registration to those surnames which 
the Board of Trade or the Court might consider 

distinctive” marks on a review of all the circum- 
stances of the case. Mr. Justice Eve, in making 
the order sr for, expressed the view that the 
Case was clearly covered in principle by what was 
laid down in the well-known _ of Burford’s 
Trade Mark, in which the facts which ought to be 





regarded upon an application to register a surname 
as a trade mark were considered. From the 
Burford decision, it appears that the factors which 
should be taken into consideration are: (1) The 
extent to which the user has rendered the mark 
“ distinctive” of the applicant’s goods; (2) the 
probability or the reverse of its distinctiveness being 
maintained ; (3) the characteristics of the same ; 
(4) the trade or manufacture in which the name is 
employed ; (5) the class of goods of which the mark 
is distinctive ; (6) temporary or exceptional causes 
rendering the mark distinctive; (7) interference 
with the freedom of individuals of the same surname, 
and (8) protection of the public from imposition or 
the reverse. The Burford case went to the Court 
of Appeal, and the decision of two judges was 
in favour of the registration, notwithstanding the 
fact that the trading had been only recent, and the 
sale of motor vehicles, to which the mark was applied, 
had not been very large—some 400 or 500 vehicles 
in three and a-half years. The dissenting judge in 
the Court of Appeal raised strong objection to the 
registration of the word ‘‘ Burford ’’ on the ground 
that the length of user was not sufficient to prove 
distinctiveness. The facts in the Thornycroft 
case were, of course, very different, as the name had 
been established for so long a period and over so 
wide an area and so persistently that by user the 
name ‘‘ Thornycroft”’ had acquired distinctiveness, 
and such being the case Mr. Justice Eve held that 
it had acquired a right of registration. 
PrTRoLEuM DvuRING THE War. 

Delivering on Wednesday this week his Royal 
Institution Lecture on “ Petroleum and the War,” 
—which he had had to postpone from January, 
being detained on official duties in Paris—Sir John 
Cadman, Professor of Mining at Birmingham 
University, stated that the world’s production of 
petroleum had risen from 38,000,000 tons in 1907 to 
55,000,000 tons in 1914 and to 70,000,000 tons in 
1918. To the latter figure the United States had 
contributed nearly 60,000,000 tons, the output of 
Europe being 5,500,000 tons, that of Asia 6,000,000 
tons (mainly from Borneo, Burmah and also Persia) ; 
South America yielded 900,000 tons, and Africa 
perhaps 500,000 tons. When the war broke out 
the United Kingdom needed over 2,000,000 tons of 
oils of all kinds for various purposes, which had to 
be imported from the United States and from the 
East. The war demands for ship and motor 
omnibus propulsion, for lubrication, explosives, 
chemical manufacture, &c., rose steadily, and as up 
till 1917 each branch or section of oil users looked 
after its own interest, the position became so 
serious that the whole oil supply and distribution 
was entrusted to one department under Mr. Walter 
Long. In spite of all difficulties the oil imports 
into the United Kingdom—about 1,750,000 tons 
in 1912, and over 2,000,000 tons in 1917—increased 
to 5,500,000 tons in 1918; one of the main difficul- 
ties had been to keep the available stock of oil 
below the danger line, so far as possible, and to 
provide for the expected contingency that 8,000,000 
tons of oil would be required during 1919. Since 
the beginning of 1917 the chief transport had been 
by tank steamers, and the supply by these means 
went up till the end of the war, though it was 
temporarily checked in 1918. But the development 
of submarine warfare had gone parallel with this 
increase, about 17,000 tons of oil being lost per 
month, the maximum reached in one month of 1918 
being 25,000 tons. The double-bottom steamers 
had saved the situation; but their availability was 
somewhat reduced, when the United States joined 
the Allies, and the transport of troops and war 
material had had to be pushed. The British need for 
fuel for aircraft engines had risen to 5,000 tons per 
month in 1917, and to 12,000 tons per month in 
1918, and preparations had been made to meet a 
further increase to 20,000 tons in 1919. The total 
consumption of petroleum products by the Allies, 
including the United States, was 500,000 tons per 
month in January, 1918, and 700,000 tons in 
November, 1918, and was e to reach 
1,100,000 tons per month in 1919. The figures 
of the home production looked small by comparison 
with these enormous totals, of course. The British 
shale oil production had kept at to about 300,000 tons 
per year ; the oil and spirit production from coal was 





15,000 tons in January, 1917, and attained a 
maximum of 55,000 tons in a summer month of 1918. 
The natural oil sreerten so Mages Set not 
commence till last year. At oil continued 
to flow at the rate of about | ton per day, Sir John 
Cadman remarked, He did not any definite 
opinion as to the probability of there being 
stores of oil in the dolomites of the district; he 
did mention that before drilling commenced, people 
had written about England being riddled with bore- 
holes, whilst as a matter of fact one hole only had 
extended to a depth at which one could occasionally 
expect to strike oil. As regards the future, we had 
to bear in mind that, though America produced two - 
thirds of the world’s petroleum, the rate of con- 
sumption of oil, especially for motor spirit, also 
exceeded all proportions in that country. England 
would require about 4,000,000 tons of oil per year. 
Sir John Cadman gave these figures in the latter 
part of a general discourse on petroleum. 


InstTrrvuTioN Or Naval ARCHITECTS. 


It is natural that the papers to be read at the 
annual meeting of the Institution of Naval Archi- 
tects, which opens on Wednesday, the 24th instant, 
should be largely concerned with warships and other 
naval subjects, and it is appropriate that Sir Eustace 
d’Eyncourt, Director of Naval Construction, should 
lead off with a paper on the battle-cruiser Hood. 
A year ago, when he and Sir Philip Watts read their 
papers dealing respectively with the work for which 
they had been responsible during and prior to the 
war, Sir Eustace d’Eyncourt was precluded by the 
exigencies of the service from dealing with the 
latest of our warships. The Hood has been 
completed and is now undergoing trial. In view of 
her length and the power of her i , an excep- 
tionally high speed—in the case of a vessel of such 
great fighting qualities—is anticipated. Mr. A. W. 
Johns, of the Royal Corps of Naval Constructors, 
reads the second paper, on “ German Submarines,” 
while Mr. G. 8. Baker, of the National Physical 
Laboratory, is down for the third paper on the 


Wednesday, which will be on “‘ Workin 
Connection with Devices for Catching Submarines.’’ 
At the morning meeting on Th y, Sir Alfred 


Yarrow is to read the first paper, which is entitled 
“* Notes on our Economic Position as a Shipbuilding 
Country.” This title suggests a so far 
as papers are concerned, as the subject of economics 
does not enter largely into the of a 
technical society, but there can be no doubt of the 
great importance of the topic to shipbuilders and 
engineers. Mr. J. Anderson will follow with 
“Further Notes on the Dimensions of Cargo Vessels,” 
and Mr. J. Bruhn with “ Freeboard and Strength of 
Ships.” At the afternoon meeting on Thursday, 
Mr. P. R. Jackson will contribute a paper on “ The 
Stabilisation of Ships by Means of Gyroscopes,” and 
Professor K. Suyehiro one on “ Yawing of Ships 
by Oscillation Amongst Waves.” There 
vening meeting on Thursday, and Mr. 
and Mr. C. H. May, both of the 


we 
5 
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in Ship’s Plating,” by Professor E. G. Coker and Mr. 
A. L. Kemball. Three papers are down for con- 
sideration on Friday, the 26th instant. The first 
is on “ and Practice in Mechanical 
-Commander H. B. 


Determining of the Position and Amount 
of the Balancing Weights,” ‘by Mr. J. J. King- 
Salter, and the third on “Turbulent Fluid Motion 
and Skin Friction,” by Professor T. H. Havelock. 


Gas anp IncrEasED OvTPpuT anp Economy. 


Mr. H. M. Thornton, in a paper read before the 
Royal Society of Arts, on Wednesday, entitled 
“ Gas in Relation to Increased Output and National 
Economy,” stated that in ite application to industrial 
purposes gas had made more progress in the past 
five years than in the previous fifty. After describ- 
ing various kinds of furnaces for the heat treatment 
of machine parts, &c., Mr. Thornton cited the case 
of a large furnace in Sheffield which takes a charge 
o 7 tons and which had been in continuous working, 
having dealt with 311 charges to date without 
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needing re . The author claimed for gas 
furnaces that no smoke stack was necessary, and 
no stock of fuel. While allowing the former, the 
latter cannot be regarded as quite a just claim, 
since the reserve stock to be maintained is merely 
passed over to the gas company. On the matter 
of labour-saving the gas companies again mainly 
come to the relief of the consumer and, strictly 
speaking, the cost of stoking, clinkering, &c., is not 
saved—it is paid or with the gas, instead of in the 
form of direct payment to men on the consumers’ 
premises. Having made these mild criticisms it 
may be said that Mr. Thornton made out other 
more genuine claims which cannot be disputed. 
A very considerable saving in valuable floor space 
can be claimed for gas furnaces, and also in capital 
outlay, while the output can be materially increased 
by their adoption. In one case of normalising a 
small article of steel wire four coke furnaces had 
an output of 12,000 articles a day. Four gas 
furnaces which replaced those using coke, took 
twice the number of charges per day, each charge 
being of 10,000 articles, instead of 6,000, or a total 
of 40,000 pieces, an increase of 233 per cent. At 
the same time the cost of fuel per charge was 70 per 
cent. higher for the coke furnaces. In a furnace 
for heating heavy forgings, for coal the cost per 
ton per week was 6/1. 5s. ld., while gas furnaces 
which were subsequently introduced showed only 
31. Os. 6d. as the cost per ton, the output being 
increased by 10-76 per cent., the cost per ton 
reduced by 51-6 per cent., and the saving of virgin 
coal being 80 per cent., to say nothing of the 
recovery of the by-products at the gas plant. The 
author also put forward many quite good claims 
for gas as being conducive to much better working 
conditions for labour. The saving to the nation 
by the use of gas instead of coal, and the con- 
servation of our coal supplies by this means were 
dealt with and were also referred to by Sir Robert 
Hadfield, who took the chair at the meeting, and 
who stated that our coal resources formed so small 
& percentage of the world’s supply that it was 
essential that we should practise fuel economy in 
every possible way. 





Tue wate Dr. Dortvo-Dosrowortsky.—D the 
recent prolonged discussions of the merits vot high 
tension phase currents and of continuous currents for 
long-distance power transmission, attention was drawn 
to the fact that Dr. Dolivo-Dobrowolsky, the technica! 
originator of the three-phase system, himself in 
lectures advocated high-tension continuous currents. 
We learn only now that he died last November while 
engaged in the further study of the problem. . Michael 
Dolivo-Dobrowolsky was born in Odessa, Russia, studied 
at the Technical High School of Darmstadt, and 
about 1880, interested in the theoretical papers of the 
Gcaventa, Gimiring Uy''60 Rigetee in phass, eel 
currents, differi y in pi , Wo ive 
rise to a rotati — field. The outcome of t 
studies une a hstrom motoren (three-phase 
motors), the construction of which was taken up by the 
Allgemeine Elektrigitats-Gesellschaft, and which were the 
t novelty of the Electro-technical Exhibition and 
ternational Congress of Frankfurt, 1891, when power 
was transmitted by these currents from Lauffen on the 
Neckar to Frankfurt, over a’distance of 100 km., to drive 
the electric motors at the exhibition. Dobrowolsky later 
lived in Switzerland for some years, but joined the 
A.E.G. again, subsequently taking charge of the instru- 
ment section, ; 


Tue Instrrution or Crvm EnGiIngers.—A series of 
what promises to be very interesting papers has been 
arranged at the Institution of Civil Engineers as a record 
a ce during the 
recent war. The first of these papers was read on 
Tuesday last, the 9th inst., and was entitled « Royal 
Engineer Work in the Great War,”’ the author being 
Major-General Sir G. Moore Heath, K.C.M.G., C.B., 
D.3.0., R.E., late i -in-Chief to the British 
Armies in France. On T next, March 16, as will 
be seen in our announcement cclumn, a lantern exhibition 
will be given of views taken throughout the war areas 
in France and Flanders, by Sir Alexander B. W. Kennedy, 
LL.D., Past-President ; on Tuesday, March 23, a paper 
entitled ‘‘ The Work done by Railway T: in 
Susng 1914-1919,” by Colonel D. Lyell, CALC. C.B.E., 
D.8.0., will be read; while on my > eed one has been 





on the ‘‘ Richboro Transporta- 

tion .” by Lieut ee kK, Rebartece. 
to be f © pene Major F. O. Stanford, 
O.B.E., entitled, «« The oe Tapastanens Cross-Channel 
and ex-officers 


THE INSTITUTE OF METALS. 

THe twelfth annual general meeting of the 
Institute of Metals was opened yesterday afternoon 
at 4 o’clock in the Hall of the Institution of Mech- 
anical Engineers, Professor H. C. H. Carpenter, 
F-.R.S., the retiring president, occupying the chair 
in the opening proceedings. 

REpoRT OF THE COUNCIL. 

In their annual report for the year ending 
December 31, 1919, the council note with satisfac- 
tion that the activities of the Institute have ex- 
tended. There have been important developments 
in the formation of local sections. In the new 
movement Sheffield led the way towards the close 
of 1918 and had carried through a useful programme 
of work. Glasgow followed early in 1919 and 
constituted its section with Professor Desch as its 
first chairman. Manchester formed during the year, 
not a section of the Institute, but a local metal- 
lurgical society embracing ferrous as well as non- 
ferrous metallurgy. Birmingham, whose local sec- 
tion was formed in 1910, also had a metallurgical 
society similarly constituted. The council hoped 
that in due course there would be sections formed 
in other centres of metallurgical importance. The 
Local Sections Committee set up by the council, 
and holding meetings both in the provinces and 
in London, served to co-ordinate the work of the 
centres and to provide for the interchange of ideas 
andinformation. The net increase in the Institute’s 
membership during 1919 had been 127. The in- 
crease in thc number of student members had been, 
striking, but in this respect, the report added, there 
was still room for development. At the end of 
1919 the total membership was nearly double what 
it was as recently as the year 1916. As an interest- 
ing consequence, original papers and communica- 
tions were being contributed from a wider circle, and 
this spoke well in favour of the Institute’s future. 
The membership on December 31, 1919, was a total 
of 1,213, comprising three honorary members, 1,157 
ordinary members, and 53 student members. The 
sales of the journal continued to expand, quite apart 
from the increase of membership; during the year 
under review as many as 1,029 copies were sold, and 
this assisted the council in some measure in meeting 
the very heavy expenses of present-day publication. 


CorRosION RESEARCH. 

The results of the year’s corrosion research were 
embodied in the fourth corrosion report, presented 
at the March meeting in 1919, and in the fifth 
corrosion report presented at the meeting yesterday 
evening. The research was still being financed 
with the assistance of funds contributed by the 
Department of Scientific and Industrial Research, 
associations, firms, and by the Institute. The 
Government grant-in-aid was 1,000/., though an 
endeavour had been made for this to be raised to 
1,5001. for the new financial year. The contribution 
of the British Electrical and Allied Manufacturers’ 
Association remained at 450/., and that of the Brass 
and Copper Tube Association at 300/. Donations 
had been received towards the cost of the proposed 
Atmospheric Corrosion Research, but work could 
not be commenced until the council heard whether 
their application to the Research Department for a 
grant-in-aid of 4507, was to be acceded to. 


Bertspy Prizz RESEARCH. 

The research work on the solidification of metals 
was proceeding, under the direction of Professor 
Desch, with the assistance of Miss C. F. Davidson, 
B.Sc., Carnegie Scholar. It was hoped that suffi- 
cient progress would have been made for a third 
report to be presented at the autumn meeting. 
The work was to be transferred to the metallurgical 
laboratories of the University of Sheffield at the 
end of March, and actively continued. . 


JOURNAL. 

The cost of ‘publishing the journal had again 
increased very considerably, namely, from 576l. in 
1913, to 1,245. in the year ending June 30, 1919. 
Nevertheless, the journal continued to be issued in 
its usual complete form, but it had been found 

to raise the price to non-members from 





necessary 
1. Is. to 12. 11s. 6d. per copy. 





REPorT oF THE Hon. TREASURER. 

The report of the Hon. Treasurer, Mr. A. E. 
Seaton, referred to this very great increase in the 
cost of the journal. After giving the figures for 
expenditure and income, it stated that a sale} of 
securities held by the Institute would be necessary 
this year to make both ends meet. This showed 
that, on the present subscription basis, the Institute 
could not be carried on with the same degree of 
success and usefulness as had hitherto marked its 
progress. It was believed, therefore, that the 
members would readily and cheerfully agree to an 
increase in their subscription. 


THE New PReEsIDENT. 


Engineer Vice-Admiral Sir George Goodwin, 
K.C.B., LL.D., was then inducted into the chair 
and delivered his presidential address, We deal 
with this in our leader on page 349 and in an abstract 
on page 354 of the present issue. 


COMMITTEE ON CORROSION. 


On the members reassembling at, 8 p.m. yesterday, 
the fifth report to the Corrosion Research Committee 
was read and discussed. This was followed by the 
second paper on the list on “The Action on Alu- 
minium of Hard Industrial Waters.” We give on 
pages 357 and 362 an abstract of the corrosion 
report and a reproduction of the latter paper. 

The meeting is being continued to-day and we 
shall deal further with the proceedings in our 
next issue. 





FAILURE OF A MAN-ENGINE AT THE 
LEVANT MINE, CORNWALL. 

The breakage of the man-engine at the Levant Mine, 
Pendeen, on October 20 last, whereby 31 miners lost 
their lives and 19 were injured, constitutes the 
recorded disaster in the history of Cornish mining. 
The Levant Mine is one of the oldest in the county. it 
is situated on the cliff facing the Atlantic Ocean, about 
6 miles north of Land’s End. It has been worked to 
a depth of 350 fathoms, and for a distance of rather 
a mile under the sea. The first record of the working 
of the mine was when it was taken up by a local 
company in 1820, but it is probable that the lodes 
were worked to a considerable extent in earlier days. 
The local company was said to have started with a 
capital of 400/., and to have made profits amounting 
to 170,000/. in 20 years from the production of copper. 

There are now several shafts sunk in the lode, but 
one only is equipped with a man-engine. This was 
erected in 1857. The man-engine is a very old 
mechanical device and has now become almost a matter 
only of history.. The first man-engine was introduced 
into Cornwall in 1842, when one was erected at the 
Tresavean Mine. A second one was erected at the 
United Mines in 1845. That the device is now almost 
entirely superseded is illustrated by the fact that the 
Royal Commission on Metalliferous Mines and Quarries 
reported in 1914 that the man-engine at the Levant 
Mine, Cornwall, and the one at the Great Laxey Mine 
in the Isle of Man were the only two examples which 
had come to their notice. A man-engine consists of a 
long wooden rod which traverses the length of the 
shaft. The rod is made in sections joined together, 
and is given a reciprocating motion up and down in the 
shaft by a steamengine. On the rod steps are fixed at 
distances apart equal to the stroke, and in the shaft 
platforms or “ ” are fixed in such a position 
that at the ends of the strokes the steps on the rod 
come level with them. To descend the shaft a miner 

ts on to the first step when the rod is at the top of 
its stroke, and is carried down on the down stroke, 
stepping off on to the second sollar when the bottom of 
the stroke has been reached. He then misses the up 
stroke and, waiting for the next down stroke, gets on 
to the second step. By this means he is carried to the 
third sollar, when he steps off and waits for a further 
down stroke, so by this means travelling in stages to 
the bottom of the shaft. To ascend from the mine the 

is the same, except that the up strokes are used 
for travelling. , 

The actual arrangement of the man-engine at the 
Levant Mine is shown in Fig. 1 on page 353, while 
various details of ite construction are given in Fig. 2, 
to 7. These figures, ther with the information 
on which an account the accident is based, are 


taken from the report of the Home Office inspector, 
Mr. H. A. Abbott. The man-engine at the time of its 
installation in 1857 extended to a depth of 170 fathoms. 
It was extended in depth in 1889, and was further 
extended to its present depth of 266 fathoms in 1898. 
It consists of a series of pitch-pine rods 9 in. square 
joined together in sections. As will be seen from Fig. 1, 
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for the greater part of ite length the axis of the rod is 
slightly inclined to the vertical, The rod is reciprocated 
by a horizontal compound condensing engine of 5 ft. 
stroke situated at ae surface. The motion of the 
engine is communi to the rod by a pinion of 
14 teeth on the crankshaft, which meshes with a spur 
wheel of 96 teeth. The stroke of the rod is 12 ft., and, 
as will be seen, it is balanced by five counterweights or 
balance bobs, of which two are at the surface and 
three in the mine. When the rod is unloaded there is 
an unbalanced weight of about 14 tons. This is 
arranged so that the rod shall be continually in tension, 
in order to prevent possible buckling. With the man- 









i. 


engine fully loaded with miners the unbalanced weight 
is increased to about 24 tons. The rod in normal 
working makes five complete up and down strokes a 
minute, so that men descending or ascending the mine 
are carried over five 12-ft. steps a minute, or travel at 
the rate of 60 ft. a minute. The full depth of the 
shaft of 300 fathoms is thus traversed in about half 
anhour. In connection with this depth of 300 fathoms 
it will be noted from Fig. 1 that the 266 fathoms there 
ven is taken from the datum line, which is 34 fathoms 
low the surface. 
_ The failure of the man-engine occurred at 3 o'clock 
m the afternoon, when it was fully loaded with men 
ascending from the mine. The failure was due to the 
b of one of the strap plates or “caps,” by 
means of which the top of the rod was attached to the 








|) ee The main rod broke in two at 2 point M feet below the nose of this bob 
This belance box i¢ similar 
ne 
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pin of the balance quadrant situated at the top of the 
shaft. The two straps are carried above the end of 
the rod and hold a gib and cotter, by means of which 
the weight is transferred to the pin. A brass bearing 
block with a steel cover plate is interposed between 
the pin and the gib and cotter. The general 

ment is shown in Fig. 4, while more detailed 
views of the jon are given in . 5 to 7. 
The strap broke through the seoond bolt hole, 
about 29} in. below the cotter hole, as indicated in 
Figs. 6 and 7. The breaking of the strap at this 
point immediately threw all strain on to the top bolt, 
which at once sheared, when the top. portion of 









which was then loose, the rod in falling got 

an wings ac only partly 
supporting timber carrying the 
fi hold; the second wing only partially 
eer eae yerdigrstoerey § sar se wt e sill off ; 
the third, fourth, fifth and sixth catches failed, but the 
seventh and eighth held the rod. They were severely 
were probably saved owing to the rod 
striking the floor at the bottom of the shaft. Unfor- 
tunately, however, this was not the end of the tale of 
disaster. When the cap broke, or immediately after, 
the rod also broke at a point 60 fathoms below the 





top, and the 60 fathoms of rod carrying 30 men fell 
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the broken strap, which was still attached to the gib 
and cotter, was dragged round the main carrying pin 
and became disengaged from the gib. The cap did not 
break, but it at once became displaced and the rod 
was free to fall. ‘ 
Situated at intervals down the shaft there are eight 
catches or sills made of stout beams of pitch pine and 
intended to catch the rod in the event of wees 
Fixed to the rod there are eight correspo eatch- 
pieces or wings intended to engage the sills 80 dis- 
posed that when the rod is at the bottom of its stroke 
there is a small uniform space between the various 


wings and sills. The arrangement is indicated in Fig. 1, | i 


When the broke, as described above, 
with its | of men fell 10 ft. 6 in. to the catches, 
Owing, however, probably to the swaying of the top 





46 fathoms to the 70 fathoms level, destroying the 
ae agen in its fall. The heavy death roll was pro- 
bly due to this breakage of the rod. 

The rod broke at a point 14 ft, below the 24 fathoms 
balance bob. The rod at this point was 9 in. square, 
and the fracture showed the wood to be of perfect 
quality. Mr. Abbott ascribes the breakage to the 
FM ph Rye lermt gen, Regeln — Bede 
Te by the fracture of the cap. When the 
struck the catches it would be subjected to an impacted 
load, and Mr. Abbott thinks that owing to the swaying 


was strong 





but the combination of the two forces, acting 
taneously, was probably the cause of 
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elongation of 23-8 per cent., with 26 per cent. reduction 
of area. The examination of the fracture showed that 
a local detect had arisen in the manufacture of the 
iron, The strap was of wro' iron made by piling 
one piece on top of another, heating and forging or 
rolling. In this process a certain amount of slag is 
always left between the pieces which have been piled 
together. The piling should be parallel to the surface 
of the iron, but in the broken strap the metal had been 
— so that the thin edges of the piling came to the 
surface. This constituted a source of weakness owing 
to slag between the piling, and the iron finally opened 
out and failed. Sketches of the fracture are given in 
Figs. 9 and 10. 

As a result of the accident the man-engine at the 
Levant Mine has been abandoned and the sinking and 
equipment of a vertical winding shaft is in contempla- 
tion. This reduces the small number of man-engines 
in use still further, and it may be anticipated that the 
device will die out altogether. 





THE USE OF NON-FERROUS METAL IN 
NAVAL MACHINERY.* 


By Engineer Vice-Admiral Sir Gzrorcze Goopwin, 
K.C.B., LL.D. 

, Agemetes war time - not afford 

or development in naval engineering designs, production 
being at such time the — onsideretion, yet it 
must be remembered that the geared turbine with its 
great advan so established itself in favour in the 
early - of the war that it was definitely adopted for all 
types of warships, and was fitted in a very considerable 
number of vessels d the war, the direct driving 
turbine being thenceforth abandoned for new ships. 
For the ion of this type we have again to thank 
Sir Charles Parsons. For success of the material 
and the excellence of workmanship which made the 
adoption of gearing possible, our thanks are due to the 
metallurgists and the machine tool makers who were 
closely associated with us in the early stages of its 
introduction. 

Having endeavoured to indicate the history and 
incidence of our peculiar iblems, I should like now 
to consider briefly how t essential and ceaseless 
reductions of weight are effected. Changes in type 
bring about the most pronounced reductions, but such 
changes are not frequent. Many improvements are 
due to modifications the design of specific items of 
the installation or to mechanical devices and appliances 
which belong to the engineer alone, but there are others 
in which we are all concerned and can take an important 
part. I rofer to the materials. 

When the type of machinery is selected for a given 
ship, and the general features of the design are decided 
upon, the design in detail is proceeded with. This 
entails consideration of the dimensions, and reduction 
in weight is effected by increasing the stress allowed 
in the material as far as such stresses can be estimated 
°F Phe so-oalled ce 

80 working stress is generally a pre-a 
fraction of the ultimate stress @ which the material is 
— and the ratio of the ultimate stress to this 

culated working stress is known as the factor of safety. 
In most of the structurer and moving parts of the 
machinery it is well known that the stress can 
only be approximately calculated, and although the 
adopted factor of ety provides for contingencies 
which may not unreasonably be expected i 
also for the margins for wear and corrosion and for the 
usual allowances for additional stresses due to wearing 
out of line and other ordinary engine-room casualties 
(and such can be provided for with reasonable accuracy ), 
yet there is no doubt that the factor of safety ensures 
in @ varying degree against the unknown and against 
the d engineer's doubts of the continued re- 
liability of the material and cf its true nature and 
behaviour under prolonged and, in the Navy, very 


, the factor of safet: to a considerable degree 
tho wehnows end 


measures not only uncalculable stresses, 
but also the degree of suspi on or doubt of the material. i 
In other words, if a actor of safety is used, it often 
indicates that the does not know all that he 


would wish to know about the material ; it often juggests 
mie t suffi ie tly relieve his 






























It must, however, be realised that the bl 


In addition, I would also advise prospective workers 
Dr, Hatfield’s recent on season 

cracking, and reap the further benefit to be derived from 
t af) 


With the introduction of impulse turbines difficulties 
© apparent. may have been due to the 





P are 
paragerencon, | ; @s soon as a particular object is reached 
new demands arise, and very often the job has to be 


The materials used in engine construction are chiefly 
iron and steel, on account of their high 
i . In ine engines, and particularly 
in naval machinery, non-ferrous i are more 
extensively used on account of their greater resistance to 
the peculiar forms of corrosion associated with marine 
use. certain cases such materials are used, generally, 
on account of their better heat-conducting geste 
Some of the purposes for which they are used in naval 
machinery may be indicated, as t are of interest 
in so far as they provide — for investigation for the 
purpose of improvement, which are either being explored 
or which can be cultivated by the members of the 
Institute for our advantage. 

I propose to illustrate this remark by a few of the 
many examples that might be quoted. 

Our most important use of non-ferrous metals is in 
condenser tubes, and as we have these tubes at present 
in the Navy, we are, I think, fully satisfied with what 
our manufacturers, after years of patient endeavour, 
have given us, except that we want just a little more 
freedom from sea-water corrosion. The investigators 
working for the Corrosion Research Committee of the 
Institute are doing great work in this connection. They 
have already shown us how improvements may be 
expected, the results of their labours are being turned 
to practical account. You will shortly have an ePpe - 
tunity of hearing their Fifth Report, which you will find, 
I am sure, is of very: great value. When they have 
succeeded in us to remove from our minds 
doubts as to the freedom from corrosion of our condenser 
tubes, we engineers will assuredly be under an everlasting 
debt of gratitude to them. 

Following their suggestion, a set of tubes, pre-oxidised 
under their system, was fitted in one condenser of a 

trol vessel for comparison with a similarly manu- 
actured set fitted in the other condenser without having 
been so treated. Unfortunately for the comparison, 
both sete of tubes have behaved themselves quite 
satisfactorily so far, so that the comparison is of little 
oor value. As far as our opinion is of interest, 

may say that we believe in, and are strongly predis- 
towards, the pre-oxidised tubes. 

This trouble from corrosion of condenser tubes is the 

most annoying one experienced in the Service; it is 
annoying because we feel we have got so near success, 
and also because of the serious consequences of even 
small leakages. 
It has recently been recorded that the Grand Fleet 
was very much mvenienced at times owing to leaky 
condenser tubes ; but it must be remem that this 
cuts both ways, and that ships of all navies suffered 
from this evil. There is sufficient evidence to justify 
the belief that proportionately others had to put up 
with more inconvenience than we experienced. 

We have recently obtained specimens of tubes from 
some of the ships of the German Navy. Dr. Hudson 
has i some of them and has given a very 
interesting report, from which I have extracted some 
details for the information of the Institute. 

A very noticeable feature of the samples examined 
is that most of the tubes are either tinned or lead lined. 
The tinning of tubes was a common Admiralty practice 
years ago when the circulating water was outside the 
tubes, and it was of material assistance in prolo’ 
the life of the tubes. The external surface could be 
easily completely coated with tin, but such a complete 
covering is more difficult to obtain on the interior surface 
of a long tube of small diameter, even with the greatest 
care; apparently should a small spot be left uncovered 
an intense action is set up, greatly reducing the life of the 
tube. I suppose the same sort of thing would occur 
with lead-lined tubes and other troubles might reason- 
ably be anticipated. For this reason such tubes have 
not had much use in our service, and have been totally 
abandoned for many years. 

We, however, have great faith in a suitable coveri 
of homogeneous quality, provided it is complete, s 
as the pre-oxidising method promises to be, and pro- 
vided it will stand the erosive effects of circulating 
water under conditions of normal service. 


newest light cruisers, there is no such Hann Ged coating, 
and the tubes are practically of the British Admiralty 
composition with a very omal quantity of iron. 

T Verse rye of using tubes of composition different 
from t in general British practice 


and | by increased scan: 





i in the steam temperature attending the employ- 
ment of email amount of superhest or to inoreeesd 
streeses on the blades of turbines of this type beyond 
the ordi centrifugal stresses, or to a combination of 
the two. The higher stresses can be met to some extent 

tins but as is well known the ordinary 
brasses fall off rapidly in strength as they are exposed 
to higher temperatures. 

Phosphor-bronze blading was therefore introduced for 
the high-pressure end of such turbines, and with the 
higher peripheral s of im; turbines of the 
types, the use of b in which the root and blade are 
combined has been much extended for these designs. 

Tests of phosphor-bronze as used for this blading have 
shown an ultimate strength of 23 tons per square inch 
at ordinary temperature, and 20-7 tons at deg. F. 
This is satwfactory as far as it , but a material is 
sought which, while yielding nothing to phosphor bronze 
in its other qualities, will give a higher tensile strength 
and safely it of high peripheral s where thi 
would be of advantage, or alternatively reduced blade 
scantlings with its attendant advantages in respect 
to the turbine weight. 

Steel has been considered and, although a highly 
suitable material in most respects, it has not been con- 
sidered acceptable owing to the known risks of rapid 
corrosion, under conditions almost peculiar to the naval 
service. The Ferranti method, in which a thin coating 
of nickel is drawn over the steel blade, is known to give 
blades which are in a satisfactory condition in a foreign 
cruiser after a number of years’ use, and a few rows of 
such blades fitted experimentally in two torpedo-boat 
destroyers of our service have also proved satisfactory. 
This system appears, however, only suited to blades of 
uniform sections, and has not, so far as is known, been 
applied to the other types. 

Our remedy appears, therefore, to lie in a non-ferrous 
material. Mond metal has many attractions, but we are 
not aware that the manufacturing and supply difficulties 
have yet been satisfactorily overcome, although it has 
been used on a small scale for the blading of turbine 
auxiliaries. 2 

Dr. Rosenhain has kindly brought to my notice 
information bearing on his work in connection with 
processes of blade manufacture, and with the suitabilit: 
of aluminium bronzes for blading purposes. Sample 
castings have been made to his suggested compositions 
and worked up by one of the firms specialising in turbine 
blade manufacture into what ap to be satisfactory 
blading ; opportunity is awai to test it under actual 
running conditions. 

As is well known, there are many aspects to consider 
in connection with the suitability of material for blading 
work, apart from the matter of strength ; but it may be 
of interest to the Institute to learn that erosion, which 
appears to have been serious in some shore installations, 
has not yet troubled us. E 

With the increasing use of superheat, we shall require 
the assistance of metallurgists and manufacturers to give 
us materials capable of withstanding the high stresses, 
necessary with our limited scantlings, when exposed to 
high temperatures, and turbine blading will demand a 
great deal of attention. In addition, it will be necessary 


| to review the work already done in investigating the 


properties of gun-metal and other alloys when exposed 
to high stress and high temperatures, and in all prob- 
ability it will also be necessary to undertake several other 
new and similar investigations. 

I wish noxt to refer to propeller blade material. 

The propellers of our warships are now universall 
made of manganese bronze, gun-metal propellers still 
existing in some of the old vessels. The practice of using 
expensive alloys has been criticised from /time to time, 
but such special alloys are necessary for this purpose, 
as they possess the several qualities required better than 
other materials. k 

To obtain the best efficiency from a ler of given 
dimensions, it is necessary that the blades should be thin 
and their surfaces polished. We should have some 
difficulty in obtaining thin blades in sound cast steel of the 

dimensions required, and a polished surface in either 
cast or forged steel could not be maintained in sea water. 

For some years 4 uliar severe action had been 
observed in the fast-running propeller blades of our light 
craft for which a cause could not be assigned. he 
defects which developed were at first attributed 
foundry faults, perhaps with some justification, but when 
this factor was surely eliminated the effects continued. 
The action was termed “erosive,” but the location 
of the defects and the nature of the deterioration of 
material left no doubt that the action was not erosion 
as the term is understood in marine engineering. 
eavour to find more truly the cause of this 
action a committee of investigation was formed by the 
Admiralty, which consisted almost entirely of members 
of this Institute. Our late president, Professor Carpenter, 
and Sir Charles Parsons, took a prominent in the 

experimen 


consultations and tal work, with the 
assistance of eminent it 
was that the action was due to enormous 


stress produced in local patches in the material set up 
by @ sort of water-hammer action caused by the collapse 
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In the early 


of the war much inconvenience was 
felt on account 


the inability of the copper tube works 
to produce sufficient tubes to supply demand, not 
qaly tee tabas te Be Gael 0 Gueh. tut Aloo for thant 
preven required to be cut up for shell-driving bands. The 

I am afraid metallurgists, through the medium of the | demand for shell bands became so great that it became 
propeller manufacturers, had been unnecessarily troubled a necessary to arrange other means of obtaining 
by the Admiralty for some years in this matter, and the|them. The Wane Sos copper sheets was resorted to, 
case is interesting, not only for the results obtained, but | @ shell band obtained from the cylindrical cup or 
because it illustrates so well the advantage of ing | dish so formed, but the method was expensive on account 
together the several classes of all those concerned in such | of the large amount of material left in the base as scrap. 
investigations. However, the work that has been done | An i officer of the Admiralty suggested that the 
is not without its value, and we hope it will prove to | base Should be annealed and pressed again to form 
have been the means ultimately of giving us propellers | another cup of small diameter, the base of the smaller 
equally suitable to those now in use, but of a less costly be 


cup being again annealed and cupped in, and so on. 
material. To any intending investigators I would offer | The idea was taken up by a firm 4 Leste, who adapted 
the same advice as in the case of condenser tubes, and 


their existing presses for this purpose, and by followi 
that is, firstly, to warn them that there are many require- | up the idea of annealing and cupping the bases wansesaan 
ments to be met in the blade material of fast-running | in producing several series, the most extensive of which 
propellers transmitting high wer; and, secondly, 


was the production of seven bands in series—viz., 12 in., 
to advise them to make thi ves acquainted with all | 9-2 in., 8 in., 6 in., 4-5 in., 3-3 in., and 2-75 in., with 
these requirements and keep them all in mind throughout | very little scrap. They were not aprwige Fer ate 
their i e ds 


ts. although produced not quite so cheaply as t cut 
[now wish to refer to the case of bearing metals. from pipes. This firm with high patriotic motive 
Very interesting papers were and discussed at|on all their experimental information unreservedly to 
our last meeting at Sheffield on the subject of white | other firms, who similarly adapted their own plant, and 
metals—interesting because they showed that workers | by this process no less than 49,000,000 shell bands were 
for different were in the same field. To be quite | made, weighing in the aggregate 38,000 tons. The relief 
candid, it is probable that the bearing metal problem has | given to the copper pipe industry was immediate and 
lost a great deal of the importance that formerly belonged | appreciable, and grew, until eventually the bands made 
to it, owing to the fact that the true principles of lubrica- 
tion so long known but not utilised have now been 


from the successive cupping processes were greater in 
number and weight than those made from drawn pipes, 
applied in a manner which can properly be described as | and when the process was established the pi tudested 
revolutionary. It has long been thought that the/| was fully able to meet the largely increased demands for 
nature of the bearing metal itself was a minor matter, | normal purposes. § : j 
provided that the oil film between the rubbing surfaces} This example, beside being typical of the methods of 
could be maintained, and the problem before engineers for | increasing production, also indicates that when the 
years has been how to maintain that film with the | pro ies and possibilities of working metals are known 
ever-increasing direct-bearing Dee and rubbing | and realised there are more ways of tackling a problem 
velocities. Following the mai atical investigation 
of the problem by fessor Osborne Reynolds some 


than the one which is the most familiar. 
T have read and heard a great deal about the advantages 
years ago, the practical solution of the problem has been 
effected by Mr. Michell in no uncertain manner. It has 


that must result from the application of science to 

industry ; it is of course true, but a large portion of it 

been adopted unreservedly in the Navy for the thrust | has remained for a long time, and still remains, in the 
blocks of all descriptions of engines with complete 
success. Although some difficulties have presented 


abstract, and is not really applied. The reason is, I 

believe, because the user has not been associated as much 
themselves in the application of the principles to marine 
journal i on account of the need of reversibility, 


as he should be in the necessary discussions ; after all, 
they seem to have been overcome, and a design is in 


it should be realised that the user is the final arbiter. 
successful operation in two of the turbines of one of our 


I have discussed this subject with several men of high 
standing in their respective spheres, and their views are 

torpedo flotilla leaders, aggregating 40,000 shaft horse- | i 

power on two shafts. 


in agreement with my own as just expressed. On the 
assumption that they are correct it has been arranged, 

Some work of great importance, however, still remains 
for the metallurgist. We have had, not by any means 


with the full concurrence of the professional chemists 

and metallurgists concerned, that our naval ongineer 

many, but one or two failures, and the investigations | officers now and in future shall receive instruction in 
that are in progress may indicate valuable improvements 

in our workshop methods of dealing with bearing metals. 


metallurgy, not for a moment intended to make them 
metallurgical experts, but to a sufficient extent to enable 

It is further to be borne in mind that, presuming it to be 

true that the mater’al of the bearing is not of primary 


them to discuss their experiences and their difficulties 
on a much more equable basis than has hitherto obtained. 
importance, while the lubricating film is maintained and} The ordinary duties of these officers have brought them 
actual contact of the rubbing metallic surfaces is avoided. | into sufficient touch with manufacturers; the manu- 
immense mischief may be done in a very short time | facturers have already availed themselves of the assistance 
should the lubrication fail, and to provide for such con-| that the metallurgist can give, and it is hoped that the 
tingencies it is still considered eminently prudent by | instruction now being given to naval engineers will enable 
engineers to provide in bearing pocron. Fs for such | them to utilise for the good of the Navy, more directly 
mishaps, and to this extent the problem of the bearing | than hitherto, the information that metallurgists may be 
m terial remains as important as it always has been. able to afford them. But this entails also that metal- 
A final example of the use of non-ferrous alloys will be | lurgists must also extend their system of education. 
found in the oil engine. If they are to take their share of the conjoint burden, 
In developing the fast-running heavy oil engines a| they must make themselves acquainted not only with 
limitation was set for some time to the piston speed, owing | the manufacturers’ but also the engineers’ requirements. 
to the high inertia stresses consequent upon the weight of | For this ose, and following on the lines I have 
the reciprocating parts. This limitation has been to a | indicated as being desirable for others, they must educate 
considerable extent removed by the adoption of pistons themselves and make themselves acquainted with the 
of aluminium alloys, and it is probable that further | principles of engineering science in the particular sphere 
developments in this direction can be effected when | in which they intend to practise. For my part, I would 
we are move fully aware of the properties of such alloys|g0 even further and provide that in our system of 
to withstand the effects of high stress and high tempera-| secondary education some knowledge of fundamental 
ture, and as they are developed in conjunction with | engineering and metallurgical sciences should find a place 
engineering devices to give improved results in the 
matter of heat flow. , 


in m ical science training. In this I mean, of 
course, modern ey sy science. 
With the view of reducing weight we are further con-] In our Institute there has, I think, been a tendency to 
sidering the use of lighter working barrels of the cylinders 
by the adoption of non-rusting steel, and this appears by 


confine the of pa very largely, and I think 

too largely, to the scientific metallurgical side. If my 
experiments made in our laboratory to have been rendered 
practicable by the use of piston rings made of copper-zinc 


views of the functions of the Institute are correct, 
alloy, shaped in the form of obturator rings. 


we should welcome also papers by manufacturers and 
engineers which may be descriptive only of their views, 

I have endeavoured by means of a few typical examples 
to show the manner in which naval machinery has 


but which will undoubtedly open out a considerable 
field for the work of others, to their mutual advantage. 

developed, and may be expected to develop, in the future This applies not only to the Institute itself, but to the 

as far as the interest of this Institute is concerned, and the 

instances I have given show, I think, that all sections 


local sections. I will not trouble you with further 

particulars at present, but I am sure there is a vast field 

can co-operate to considerable all-round advantage. ready for exploration, and I do feel that there is much 

There has already been a great deal of co-operation, conjoint work that can be undertaken by all of us in 

but I have a feeling that it has been to some extent in | harmonious co-operation, work of a fascinating and 

two pairs. I know that manufacturers have worked | congenial nature in almost virgin soil, which work if 

with engineers, and very successfully ; I know that the | vigorously applied cannot fail to result in rich harvests 
metallurgist has worked with the manufacturer, and 

I believe with equal success. But the metallurgist has 


for universal efit. 
We must also bear in mind that others beside our 
not been brought into direct touch with the engineer 
as much as is desirable, and if contact of this nature 


Institute may be interested in our problems, in particular 
I may mention that petroleum experts can be consulted 

can be improved, it will be for the aay of ineering | with much advantage when dealing with the combined 

science and progress. We ‘have some 

®xperience of such co-operation. As examples, the work 


problems that arise in the development of the internal- 
combustion engine, and co-operation with them should 
of Mr. Arnold — the Admiralty chemist and a 


be facilitated as much as possible. 
member of our council, and that of the National Physical 
Laboratory, in direct collaboration with naval engineers, 


The co-operation I have indicated is a matter I have 
h very much at heart, and if I can do anything subject to 
ave been productive of results of very great importance i 
and value to the Navy. I am also aware of the very 


your , during my term of office, to give effect 
é to these ideas, I shall be very pleased. If it tend 
great advantages that the Air Service has obtained by | to the advancement of the Institute I shall indeed be 
the combined efforts of their engineers, metallurgists and 
manufacturers. be 5 . 


gratified, and feel that your confidence in me has not been 
misplaced. 
As an exam 
the n example of the sticceasful co-operation between 


; and the manufacturer, perhaps I may be 
Permitted to refer to a matter which will probably be 
in itself of interest to the Institute. 
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RECENT 'ADVANCES IN THE UTILISATION 
OF WATER POWER, 

To tae Eprror or ENGINEERING. 
Srem,—In the paper by Mr. Eric M. 


m, on 
** Recent Advances in Utilisation of Water Power,” read 


a few weeks ago before the Institution of ical 
Engineers, and apn in your columns, the autho: 
states (see @nte), as an oo in 
the technios of hydraulic turbines, the ee ahs 
certain coefficient, “ specific speed " (sym ) 
the co tion of which he attributes to sy Camerer. 
This ient allows of comparing turbines of different 


diameters working under entirely different conditions, 
I may remark that in 1898 I made known a similar, 
if not quite identical coefficient, besides many other 
points ing similitudes, in m on turbine 
machinery and in particular on hydraulic turbines, con 
tained in various issues of the Revue de Mécanique from 
1897 to 1900, all of which were published in book form by 
Messrs. Dunod et Pinat, in 1900, therefore several years 
in advance of the issue, in 1903, of Dr. Camerer’s book 
entitled “‘ Grundriss der Turbinentheorie.”” In my work 
I noted that it was useful to adopt a coefficient making 
it possible to compare one turbine with another from the 
very important standpoint of their capacity to yield 
power at the highest possible rotating s . 

My coefficient of r, indica in the issue of 
the Revue de Mécan for December, 1898, which I 
shall call C, is defined by the equation 


ee i 
ye os'9 4 a) 
where P is the power of the turbine in H.P., w its angular 
speed of rotation ; and H the head under which it works, 


in metres if metrical measurements be those adopted ; 
whilst the specific speed is defined by the equation 





NJ? 
Ne = 4 /iis - (2) 
2nrN 7, 
Sincew = 60 = go N it will be seen that 
N,=985 JC. (3) 


Thus, the specific speed is the square root of my power 
coefficient multiplied by the constant factor 9-55, since 
I considered the angular speed w of the turbine instead 
of its number of revolutions per minute, which a; 
to me a more scientific way of dealing with the subject. 

If in the definition formula N were written instead 
of w, the power cofficient, or rather the “ oo power 
Cs,” to use an analogous terminology, would be 


c Ne Pp Noe 
Jae A . 
or exactly, and simply the square of the 4 speed. 

I prefer consldetne Cs rather than Ne because it 
better in tt It pares the powers of 
turbines uced to the same rotating speed and to the 
same head, whilst Ns compares the rotating speeds at the 
same power and at the same head. Further, Cs being 
the square of Na, its variations are greater and, con- 
sequently, more clear. Finally, the expression N, 
contains a square root and a fourth root, whilst Cs 
has only a square root; it is more simple to calculate 
squares than square roots. 

For these various reasons, I prefer my coefficient C 
to that Ne which has been adopted by manufacturers, 
although both, really, render the same idea. 

I hope the few explanations above show clearly that I 
had made known this coefficient, or, to be more explicit, 
its square, which it is preferable to adopt, several years 
in advance of Dr. Camerer and that, consequently, tae 
authorship should not be attributed to him. 

Yours faithfully, 
Pror. A. Rateau, 
Membre de |'Institut. 


.@ 
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DIESEL ENGINE CASTINGS. 
: _ mye “~ ENGINEERING. . 

Srr,— ve with great interest t 
—s in the issue of your Journal of February 6 

y ve J. Cook, _ — _ editorial article in the 
issue of February 20. t it is possible to agree 
with most of whet Mr. Cook states in hic article, there are 
some points which, in my opinion, cannot be ted 
in their entirety. I take t iberty of contributing 
to the question some observations of a general character 
resulting from experience during my work in a foundry, 
specialising in Diesel engine castings. 

I shall confine my remarks to some of the more 
important parts and subdivide it according to the two 
kinds of failures generally met with, namely, sudden 
breakdowns and slow deterioration. 

Sudden Breakdown.—This occurs generally during 
ll eo when the casting is first in use. What 
Mr. asserts regarding the influence of angles and 
salients of the contour of the casting on isation or 
at least “‘that the lines of weak and loosely-packed 
crystals, if not actual cavities, are produced by this 

henomenon,”’ does not appear to me quite correct. 
This fact chiefly results from the phenomenon only 
too well known to foundrymen, of the volumetric 
shrinkage (well known, but unfortunately not sufficiently 
studied) by which, at the moment of so of 
the casting, all the colder parts feed on the liquid metal, 
or on the constituents which remain liquid, for instance, 
the eutectic constituent at the expense of the hotter 

, amongst which must also be reckoned the angles, 


Moreover, I do not think that breaking can be attri- 
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buted to strains as understood in foundry work. , *he 
Generally , the design of the is sufficiently 
good and the thic are y calculated from 


the eyed bon gl point of view, in order to obtain, 
in ee ae deeds.” Cel ee ae be con- 
sidered as igible. exception to this eral 
rule may ibly be found in the case of large cylinders 
with h and water jacket cast in one single piece, 
but these are now not very much in use. 

Generally speaking, the castings pass through so man; 
severe operations (turning, hydraulic pressing, ing), 
that any existing stresses, from the founders int of 
view, should be easily revealed. I therefore think that 


annealing of the castings is unnecessary ; as a matter 


of fact, I consider it injurious, as by the same an adjust- 
ment of the casting is obtained through a considerable 





Of quite a different character are the subsequent 
strains to which the casting is subjected during the 


working of the ne. The play of thermic expansion 


is so complicated that it is not always possible to foresee 


the result. It is just at that moment, that the parts 


are subjected to intense internal stresses. A thermic 


flux passes through the walls of the cast-iron parts, 
which maintains the latter in an equilibrium of 


expansion, 
between the heating by the fuel and the coo of the 


circulating fluids. The properties of this thickness of 


wal) (thermic conductibility, — g capacity) are 
often very little known, ially in relation to the 


different materials in use. nder these conditions, in 


addition to the stresses within the = itself, others may 
occur between one part and the other t! 
cause which may vary these conditions of equilibrium. 


A great advance has been made in the knowledge of 
thie engineering problem, but so much is certain, that 
quite essential and radical modifications must still be 
expected if it is desired to make practical and safe the 
working of the -speed Diesel engines, with cylinders 
of great potentiality. As a matter of fact, whatever 


may be the kind of cast-iron placed at our disposal by 


metallurgy, in accordance with the present constructive 


principles (in particular by way of application of the cool- 
* apes a limit will always be found in the thickness 
of t \e 


Let us now consider in how far metall enters into 
the problem, I think that an engine in non condition, 
as regards design and thermic and mechanical con- 
struction, could work well when constructed of any of 
those qualities of iron which are considered good for 
engine castings gererally. As this condition of per- 
fection, however, is never reached, the problem will 
always remain—Which is the best casting material for 
withstanding the ical conditions of working of the 
Diesel engine ? do Me ieee eathed ae Ue Ban 
deducing the superiority of a composition for the Diesel 
i castings from the analysis of certain pistons or 
cylinders, which may have given good results in working, 
as this may often be due to quite different causes. 

The — part of the metallurgical question, is 
really centred in the _ oblem, or 
non-phosphorus? In t coneation, 1 Peoekd like to 
say & few words from the point of view of the foundry 
metallurgist. I will consider the two extreme cases, 
without any reference to the middle way which many 
makers adopt, hoping by this means to avoid trouble 
from both causes. As regards phosphorous cast-iron, 
we must understand by this, for our present purposes 
iron containing from 0-70 per cent. to 1-20 per cent 
of phosphorus. The total quantity of carbon present is 


J 


ly by. the quantity of phosphorus. | will 
t must be remembered that when phosphorus enters 


into combination with iron, it takes up five parts in 
weight of the latter; this phosphide, in turn, enters 
into an eutectic constituent which contains altogether 
one part of phosphorus to about nine parts of iron, 
with very little carbon. As to the remaining 90 per 
cent. of metal, the proportion between free carbon and 
combined carbon is then regulated in the known manner 
by the silicon and manganese contents and by the 
influence of the speed of cooling. Under the best 
conditions of such distribution, the resistance to fracture 
under tensile stress may reach an average of 22 kg. per 
square millimetre on test bars cast separately in dimen- 
sions very little larger than those of the test finished 
on the lathe. The fracture is white and clean, and an 


expert is able at a glance to judge up to a certain point 


the quantity of phosphorus t from the 


of the eutectic network visible to the naked eye. 
Elongation is practically nil; the limit of elasticity (in 


Se Semen Say aaa eEpiely appetites as 
Non-phosphoric iron we shall call iron containing from 


0-05 per cent. to 0-2 eit me ome Lacking 
the influence of the shsephoven, pig-iron con- 
tains a greater total quantity of catben, and, without 
— correctives, even if influence of the silicon 
were i 


It is essential, consequently, to bring down ulti 


ultimately 

the total carbon present to approximately the quantity 
contained in adiline’ te the cast-iron. This is generally 
obtained by to the mixture in the cupola furnace 
ither a ee At this point, great care must 
be ired to obtain from the cupola 


° 
be exercised, if it 


furnace such a as one would look for. 
The contents eceeee sie Se e quickly 
toa tem to o 

S peleseian swipes i talekee a 
iron ladle. Apart from the fact 
that the so point of irons containing little 
phosphorus is higher, such Is In 


This cast-iron, in such a case and under the like 
regards free and combined carbon, may 
ve ual to, and even i 


so that cast-iron this description is slight 
tly deformed without 
, however, is to be found in its 
resilience. The amount of work absorbed in breaking 
such iron (in the impact test or under the 
pendulum) may amount to more than double t! 
i Mr. Cook refers to an average result 
test, whilst having observed one as 
must, however, say that these qualities 
of cast-iron can give, in actual practice and 
testing conditions, as high a figure as 

10 to 12 in the impact test. 

To sum up the matter very briefly, it may be said that 
such cast-iron is less fragile. 
point of view (and undoubtedly also from the thermo- 
mechanical point of view), it may straightaway be 
concluded that the advantage lies on the side of cast-iron 
which contains but a slight amount of ph orus. 

will consider 


P 
of 5-5 in the im 


hrough any slight 
From the mechanical 


point of view. We have already stated that the melting 
of cast-iron which contains but little phosphorus entails 
ter amount of care. It is 
use of the electric furnace 
may obviate this difficulty. But the same inconvenience 
also be said to apply 
tem of the 
metal necessitates a better class of sand, and most 
accurate cores. In fact, the whole work of moulding 
and ing must be of the most accurate descri 
Non-phosphorie cast-iron is subject, moreover, to an 
increased volumetric i e 
cooling between the several parts of the casting is far 
more pronounced, and the more massive parte, joints, 
risers and gates tend to form shrinkage holes 

. This defect must be remedied by the 
increased heads and, more particu- 
accurate use of chills, and a very 

attentive study of the method of moulding generally, 
to avoid faulty castings through blow 
ty which reveal themselves 


The employment a. non-phosphoric 
greater expense. ‘ects in castings 

which so easily arise, occasionally neutralise the increased 
specific mechanical strengt! 
positions which lie mid-way between these two types 
of cast-iron share, up to a certain point, the properties 
But this variation is not, in 

point of fact, constant, and generally, with about up 
to 0-40 per cent. of phosphorus contents, any cast-iron 
i much more of the properties of the phos- 
'y below this percentage, a rapid varia- 
tion occurs which corresponds to the di of 
continuity in the network structure of p! 
disposition to form noduli. Moreover, from 

int of view of specific resistance of the cast-iron 
it is known that an extraordi i 


may be obtained by ok See the total poo ma 


possible, however, that 


in an aggravated 
moulding. The in 


The difference in 
adoption of ae 
larly, by the very 

and shrinkage holes or 


cast-iron entails 


material. Com- 


of the one or the other. 





portion, and, even in the matter of cost, we get well on to 
the road of cast steel, which represents the limit cast-iron. 
As the most advantageous 
carbon, from the resistance 
quantity varies slightly according to 
of cast-iron, and we may average it at 0-78 per cent., 
although it is slightly less for irons with a lower per- 
centage of the total: iron 
silico-phosphoric cast-iron) ; 
irous. In other words, there is an advantage in havi 
@ cast-iron with the possible maximum amount 
lite. Given a certain 
aces a eadae f cooling 
manganese, speed of cooling, 
ximate to these proportions. For the 
trol (in the same manner as for} Limited, 
), the microscopical examination is of great 
‘ Passing now to the second class of troubles which may 
arise in connection with 
of the Diesel motor (failures after long work), these are, 
of thinking, of minor im 


greater for purer 


uantity of total carbon 


i 


portant cast-iron parts 
portance with the 
ith -distributed 





advisable to avoid phosphoric cast-iron for 
reason. In this case, also, the solution more than 
i Be ee ST ke ce a 
the important si of the question that m 

be studied is the wearing property. hold the opinion 
that ic cast-iron is much su in this respect 
te non ic iron. Even if Brinell hardness 
and the strength of the two kinds of cast-iron be 
equal, there is, nevertheless, a difference in this property. 
Such difference may be attributed to ope aeerty 
of the phosphide eutectic and to its mode of distribution, 
in the one case ; and to the interlaced micro-crystalline 
structure in the other. Nevertheless, exact tests in this 
even with regard to the amount of lubricant 

consumed in the two cases, appears to me to be lacking, 

Aen See cr see 





“THE CAMMELLAIRD-FULLAGAR ENGINE.” 
To Tas Eprror or ENGINEERING. 
Srm,—Mr. Everett’s latest letter on the above subject 
characterised his 


Y | contains the same mistake that 


His criticism of the piston cooling is, no doubt, based 
on early experiences with the type of engine he advocates. 
He has not seen the new engine Sen > 
acquainted Me details of co ion, and his 
guesswork on points is naturally wrong. 

It is a matter of indifference whether oil or water 
ee ee + en mages Pra wath ine, the 
choice simp! lepending upon the type of engine, 
w small, open marine, or high-speed enclosed 
submarine. For obvious reasons crown of an 
u ed piston can be more thoroughly cooled than 
that of a piston in any other position. The upper 
guide only receives as much oil as one of the main pistons 
= no heating has mag taken place. . 

t is necessary to upon your correspondent 
that these are facts and not opinions, and that before 
attempting any more criticism of the type he has been 
indulging in he should become more familiar with the 
subject. 

Mr. Everett’s illustration combined with a little simple 
arithmetic shows that on equal rating the Cammellaird- 
Fullagar engine will give double the power in the same 
length in comparison with the Sulzer, proof of which is 


bee Le ing his letter writing has accomplished. 
‘© superc eee renee Ath th a a 
necessary to displace the main cranks, which ion, 


by the way, is well known. It was assumed that Mr. 
Everett knew these things, and it is to be regretted that 
this assumption, like his work, is wide of the mark. 

If he will study what been accomplished in this 
direction, and carefully re-read cp Arne in the light 
of this information he ought to see that further argument 
is quite futile. 

Yours faithfully, 
D. M. SHannon. 
24, Village-road, Birkenhead, March 9, 1920. 








Te Dersy Socrety or Encineers.—Speaking at 4 
dinner given by the Derby Society of Engineers in the 
Assembly Rooms, Derby, on the 20th ult., to the ex- 
service members of the society, Mr. W. Price Abell, 
Wh.Sc., M.Inst.C.E., the chairman, referred to the 
replacement which had taken place of the gold standard 
of measure for work done by a paper standard worth half 
the Evy one. It would be just as reasonable, he added 
to alter i the standards of length and of 
pom oy To tho Britiah en i ae eas ? rere 
to wil oreigner for & CO! 
standard of value was quite as essential as the standards of 
length and weight. 





THE Late Mr. James Proctrer.—We regret to have 
to announce the death, which occurred suddenly at 
Halesowen, on the 6th inst., of Mr. James Procter, 
engineer and chief of the drawing office at Messrs. 
Walter Somers, Limited, Halesowen. Mr. Procter was 
born at Wigan in 1841, and was apprenticed under 

remium 2h sa Thell at the Haigh Foun Company, 

igan, in which company he then remained for several 

ears, and designed and Leding “colli bgt engines 
or blast-furnace work, winding, rolling mill, pump 
and other engines. Amongst the undertakings which 
Mr. Procter was interes was the installation of the 
rail-mill i for the London and North-Western 
Railway at . He left the Haigh Foundry Company 
to take up an appointment with Messrs. Stevensons, 

imi who were engaged in making blast- 
furnace and steel works plomh, gas roducers, &c. After 
about nine years at Preston, Mr. Procter was appointed 
to the tion of chief mechanical eer to the 
Lill Company, of Shropshire, where he rebuilt the 

ine shops, and desi pumping machinery, colliery 
and mining plant, blowing engines, &c. In en 
districts of Great Britain and on the Continent may 
coon _rnccemntal a4 “tee Lanleckall Comapany.. Mi: 

i cons b es mpany. " 

ter remodelled various iron and steel plants at 
existing works. He was ti engineer in 
to construct blowing engines with m + pee 
" pair of the Reyno -Kennedy- 
Corliss vertical Clowing engines which he carried out at 
the Lilleshall Company can be seen at Priors Lee Blast 
Furnaces, Shro Mr 


MARCH 12, 1920. ] 


ENGINEERING. 





357 








CORROSION OF CONDENSER TUBES. 
Fifth Report to the a 5 pc of the Institute 


By Guy D. Bencoues, M.A., B.Se., R. M. Jonzs, M.Sc., 
and Rurs Prerer, B.Sc. 

Tue present report is to the corrosion of 
condenser tubes (mainly 70:30 brass), and is a study 
of the practical probl of corrosion in condensers 
under service conditions, employing either sea water 
or fresh water. It is divided imto four sections. 

The first section deals with what has been called the 
diagnosis of condenser tube corrosion. The procedure 
to be followed in withdrawing and preparing a tube for 
examination is described, also the symptoms or 
appearances within the tube which correspond to each 
of the five main types into which the practical problems 
of corrosion under fresh-water or sea-water conditions 
have been classified. The importance of additional 
information concerning (a) the water supply and (b) the 
corroded tubes towards eli ing the cause of corrosion 
is shown and emphasised. |. This information, 
specified, has rarely been obtainable in the 
larly as regards 
account for the lack of @ of the importance 
in corrosion ' troubles. of conditions existing within 
the plant. These conditions frequently vary very much 
from time to time, and it is shown that although the 
crassa’ SegtiGlioe’ pedateias ieoafidies interyiie’ oak 
present for butishort iods at in ‘ 
consequently may not be fc Ag 2: ey the effect 
on the tubes may still be very serious. Also, in certain: 
cases, it is shown that decdiieatoa, localised corrosion 
persist after She inlining ee have dicappensall® 

The second ‘section is’ 
certain features in * pea of ane Nee. 
since an appreciation of these is of great value lowing 
the mechanism of the t, of corrosion ied later. 
Attention is principally 
tubes of @ i 
highly distorted metal. This layer has undoubted] 
a greater resistance to corrosion by saline and f: 
waters than the underlying crystalline metal, so that 
whenever this layer is eee corrosion will proceed 
at an increased rate. The layer has been stripped from 
a number of tubes of different compositions. Its thickness 
is usually of the order of 0-01 mm., and indications have 
been obtained that its composition may be somewhat 
different from that of the underlying metal. 

In the third section the five main types of brass 
condenser tube corrosion are considered separately in 
detail. 

Type I: General Thinning.—This type may be con- 
sidered as an accelerated form of the complete corrosion 
which normally occurs in saline solutions, in so far as 
the tube is ually and uniformly reduced in thickness. 
~ rate of ordinary complete corrosion is too slow to be 
of any serious consequence in practice; laboratory 
experiments with running sea water have shown that 
@ period of fifteen to twenty years may elapse (even 
presuming that the rate of corrosion is uniform and does 
not decrease with time) before @ tube is reduced 50 per 
fail in peaating bs icon! ager Stud ting ‘Before 

ail in practice by ; -of some before 
ordinary complete. corrosion has seri reduced the 
thickness of the tube. Rapid general thinning, however, 
is essentially a fresh-water phenomenon and is usually 
associated with the presence of free acid in the water 
supply. The results of tests on 10 samples of tubes of 
widely different compositions in hydrochloric acid of 
concentration 3 parts in 100,000 at ordinary temperatures, 
show that in six weeks all tubes had lost from 2 per cent. 
to 4 per cent. in thickness. That such a very dilute 
acid should reduce the thickness of a tube so much in 
such a short time at ordinary temperature is ample 
evidence of the serious effect of acid in the water supply 
upon the life of condenser tubes. Proper neutralisation, 
preferably at the source of contamination, is an effective 
remedy for this trouble, but. considerable difficulty ma 
be expetionced tm. dgpocting Iie ly if, as is 
generally the case, it enters the water supply only inter- 
mittently, Regular and frequent tests of the water 
must be made whenever this type of trouble occurs. — 

Type II: Deposit Attack.—The principal cause of 
pitting, which is the most t source of trouble 
in condensers, is ascribed to is termed ‘‘ deposit 
attack.” In the presence of sodium chloride solutions 
the cuprous oxide formed on @ brass surface gradually 
changes to cuprous chloride. The latter is usually 
swept out of a condenser tube by the circulating water, 
but under various conditions may adhere at different parts 
of the tube surface. When such adherence has 
conditions now allow of the further gradual change of the 
insoluble cuprous chloride under the influence of oxygen 
to soluble cupric chloride and cuprous oxide. The 
action of cupric chloride solution on brass is very rapid, 
as may be gathered from the fact that a piece of brass 
tube, 2 in. long, placed in a strong cupric chloride solution 
&t ordinary temperature, was completely disintegrated 
and risa A replaced by a erage in copper in 

he action involves 





which is 


two days. the oxidation of the 
copper and reduction of cupric chloride to 

hioride ; redeposition of copper from solution the 
ainc also occurs.. In the presence of air cuprous chloride 


will again be converted to 
on the brass continued. 
current and local. 
colloidal bodies, lyi 


oo chloride and the attack 
- us the ney is both re- 
oreign bodies, particularly 
efiect. b ia toe ‘tas Cimauien 6f Catdes 
y as i for o! 
chloride and by preventing the diffusion of cupric 
chloride. Observations on the incidence and distribution 


the water supply, and this may partly ; 


sisting of co 


of pits in condenser tubes are shown to agree with the 
results which would be to follow from the 
above explanation of the m ism of pitting. Attention 
is drawn to the importance of keeping tubes clean and 
as free as from foreign bodies as a means of 


Preventing ae 

Type Il: Dezinci fication.—An account is given, 
preliminary to the consideration of this type of corrosion, 
of the mechanism of so-called .dezincification. The 
conclusion is reached that true parting of zinc and cop 

in a 70:30 brass does not occur, but that the so ied 
residual is always redeposited copper. Dezincifi- 
cation is ‘ore only t and not real, and the 
term is always celeqanaiy employed by the authors 
in this sense. 

The layer type of dezincification, which is characterised 
by disintegration of the brass tube and redeposition of 
a over large areas, has been found to occur under 
both marine and fresh-water conditions. Several ways 
in which such action may occur are indicated. Under 
fresh-water conditions it is often associated with acid 
ly if the acid is not too dilute and the 
is not very easy. 

or Local Dezinci fication. 


attack, ys proceeds beneath a deposit, and is 
stimulated by the presence of foreign bodies. It differs, 
however, in many ways from Type II. So far as is 
known it ocours only in sea water (or diluted sea water), 
and is always associated with adhering white salt con- 

Hoidal zinc oxychloride (also containing some 
carbonate). It is aoe | 
an it occurs spontaneously on 


access of 
IV: 


reproducible in the laboratory, 
the surface of 70 : 30 brass 


| tubes after immersion in sea water at elevated 


tempera- 
tures (40 deg. to 50 deg. C.) for a few days, and is hence 
rather more amenable to experimental study 
previous t of corrosion. It is shown that 
roduction of the right concentration of zine inthe liquid 
yer adjacent to corroding brass surface plays a 
large in the formation of the w 
o t, and that interference with the production of this 
condition, e.g., by lowering the zinc content of the brass 
or by raising the zinc content of the sea water, is sufficient 
to prevent its occurrence. The dezincifying action is 
thought to be due to a small concentration of hydro- 
chloric acid contained within the colloidal white salt 


The difference in behaviour of different batches of. 


70 ~ 30 tube—some ouees ae ; 
others never—persists after ing or ‘or 
both, and the reason for the difference in behaviour is. 
still not clear. tha 

Type V: Water-Line Attack,—In the case of a brass 
tube only partially immersed in sea water, 
corrosion (compared to that of the immersed portion 
be not at the water-line as is commonly 
air . Further, the attack is not 
‘but is concentrated at areas where salt deposits 
have formed and is co-terminous with the area covered 
by the deposits. Narrow bands of salt connect the 
sea water with the ee This type < > 
obviously a special form of deposit attack, taking p 
under the most favoura le conditions inasmuch as the 
attack beneath the deposits is much more severe than 
in any of the previous types of corrosion. This type of 
attack may occur at the inlet end of condenser tubes 
when en‘ air clings to the surface of the tube and 
is preven by eddying effects from being swept away 
by the water flow. 

The fourth section of the report contains an account of 
preliminary work on the electrolytic protection of 
condenser tubes. The particular question investigated 
was that - the efficiency of electrol protection in 

venti eposit attack, i.e., att cupric chloride 
eutien, A piece of 70:30 brass tube made cathode 
to strip iron in a normal cupric chloride solution is very 
distinctly attacked despite the small current 
from the solution to the brass. It is considered that 
an electric current slows down but does not necessarily 
inhibit corrosion of a — By — Be current 
densit; it is possible that all corrosion, even 
ina fl Sin chlerids polation, may be prevented. Experi- 
ments have shown, however, that a current as — - 
20 am to 25 amperes 1,000 square feet 
insufficient to prevent 6 70: 80. brass tube from being 
i corroded by such a dilute solution of cupric 
as a one twenty-fifth normal solution. Some 
suggestions are made whereby the usefulness of the 
electrolytic protection process may be extended 
, i of 1 te the carly ae 
a tube, with the object of forming a continuous 





layer of calcium carbonate over the surface of the tube. | ; 





THE DEVELOPMENT OF METAL CON- 
STRUCTION IN AIRCRAFT.* 
By Major J. 8. Nicnorson, 0.B.E., R.A.F. 
In the put with the exception of the engine, the 
material of construction for the structure of the 
has been timber. During the war, when particular types 
of machine were required by the thousand, with spare 
in proportion, one of the chief essentials in the 
ign was simplicity and ease of construction. The 
life of @ machine was counted in weeks or even days, and 
consequently durability was of less — 
cheapness and rapidity of construetion. her, as 
long as the number of machines under construction was 
small, it was possible to obtain and select goed qualities 
of timber, light, straight in the grain, and strong, 4 
therefore, was the natural material to 





* Official Summary of Report read before the Institute 





of Metals, March 11, 1920. 


° read before the Institution of 
Shipbuilders in Scotland, January 20, 1920. 


than " 
oe 


> it, and sometimes as much as 2 cm. above the 
surface 





entire structure of the aeroplane. 
timber is a most unsatisfactory 
the point of view of durability. It cracks 
and warps easily, and is affected to an i ex- 
tent by the weather. Tests on timber show that the 
diminishes rapidly as the percentage of moisture 
Good dry spruce may have & in 
of 6 tons per square inch, whilst with 
of moisture the strength will fall to about 
square inch. The weight of the different 
samples of the same species of timber also varies within 
wide limi' 


imits. 

An aeroplane built of timber is, therefore, unreliable ; 
it deteriorates very quickly, and requires frequent 
trueing up. It withstands “ ** shocks badly: 
and, in an accident, vital members splinter badly, bly 


g 





| bs 


- (la) 


. (Ib) 


In long struts with ball end loading, the Euler crippling 
load Q MEI, lies. In beams, therefore, for o 
= fe PP’ ° '. 


definite curvature -- the applied bending moment M is 


rtional to the product EI, and in long struts the 
Fimitis and Saaea is glee poencotinnse ip ee poetens 
BT enced ee taproemans in ton sales Ot 2 wil 

as i any i ue 
a y increase in load to be carried. 


¥ s modulus E of the material may tly be 
Sontaes er weabie treatment, ol oe ie 

b ipathe Nats wk Wis re, crcas, 
material ma considerably rea 
ment ‘The moment of inertia I of the of the 


or strut, deflects laterally. ider & 
with a lateral bending moment di ibuted as shown in 
A eos Neale cdi ocho agar 


Pin-Jointed Strut with Lateral Bending Moment.— 
Let the deflection at the centre be § and M be the applied 
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bending moment due to the lateral loading on the strut, 
then. with the usual notation, the compressive stress : 


fom 5 +ME + P54. beg 


In general the stress P 8 x 2 is not small in comparison 


with me other two terms, and must on no account be 


"ie ae the main plane spars it increases very rapidly 

with the loading; in pet cases it varies as the 
square, or even the cube, of the loading, and soon 
becomes of the first importance. It is assumed that the 
failure of a member rol ti he structure, or of @ portion of 
the member, is determined by the compressive stress 
which is developed in that member or in the part of the 
member or, in other words, that in a given design a 
particular member will just fail when the compressive 


of w Ib. per foot run on the strut or apar in Fig. 1 giving 
for the -moment 
Sal odepeing the Busy. Senmule ton tho aaa 


My which is equivalent to the total bending moment 


Fig.j. PIN-JOINTED STRUT WITH LATERAL 
BENDING-MOMENT. 


























Fie. 2a. 





CP) Sas ahd vein “rt eh vi 
-arpeteap te a Lib ater? _} 








Fie. 3. 
Fies. 2a anp 3, Mary PLane Spar DESIGNS, APPROXIMATELY 


4 In. sy 8 In., 


* 


SHOWING STEEL GIRDER CONSTRUCTION. 








lo ovley ih maw 
wat de® of" 


Fie. 44. -Marx Piane Spar Dausien, showmsc SrsE. 
Construction wrra Oontrxvovs Booms. 


member reaches a definite value 


of the total stress f, in equa- 
aictamteahe tases — failure in ony dian 


therefore be 
mich, should heros be Seated nea 


UBOM  .comow ty 


pple liges py 

cross-section 

ponany res ool 
fe = 4 - + (535 


rETI 


M, = M 
on 
(3) 

Where Q is the Euler crippling load 

for the strut and P is the 


Secondary Flecure.—It has been stated above, that 
for a given of spar any increase in I beyond ws 
ite value affect the stability of the structure, 

and will probably result in an unstable liable to 
secondary failures. In aircraft construction, where 
lightness of structure is of great importance, such 
secondary failures of @ portion of the main structure, 
due to the crump! of a small member of the structure, 
may easily occur unless all the individual members have 
been ‘ully designed, and such secondary failures at 
low fibre stresses have, in most cases, been the cause of 


jane main-plane-spar 

designs illustrated in Figs. 2a, 28, 3, and 4a, 4B, 4c. 
The first three represent steel -girder type construction, 
and the latter three a modified type with continuous 
booms, all beitig approximately 4 in. wide by 8 in. 





gs. 2a and 28 show short lengths which were tested 





Fia. 28. Matn Prange Spar Dusicn, approximaTeLy 4 IN. By 
8 In., sHowrne Stee, GirpER CoNnsTRUCTION. 





We ssitiass Oars 
y S1t0t So rbia 








So ene 


Fre. 4c. 


Fries. 48 AND 4c. Mazy Piane Speak Dusiens, sHowrne STEEL 
ConsTRUCTION wira ContTrxvovs Booms. 


M+P8. ThnM+Péi=M, 
and 


=™ (q2y). 


through the centroid of the 


Q-P 


a} penne 
the end of the strut. 


a9) ™ 


u 2 
T 


Then équa- 


(2a) 


whilst 


to destruction as struts with ball end loading, TB prev 


el he tan may snr inn he wi 


bowing deways about the ¥ ¥ axis. 
“RR Fy bowing es re > Lavawerds [about the 





bat?) 5 By bowing of the compression boom sideways. 
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(d) ee ee ee ae ae ee ee and excessive deflection or bowing of any member or ining machine not subject to any serious modifications 
length equal to the piteh of the web bracing. portion of a member, thus producing perfect design | and because it was required in such numbers that 
(e) By buckling of one of the flat faces (free lips) of an | where the structure fails as a whole, because each part | success in the experiments would mean an appreciable 
angle. faile on deomoune she ultimate stress possible in the | decrease in the jon of timber for aircraft 
(f) By failure of a web member. material of which the structure is built. purposes, and would also furnish the necessary bulk 


n these specimens the end thrust was so great that 
am local secondary failure instantly resulted in the 
collapse of the whole specimen. This co was 80 
sudden that it was frequently difficult to decide whether 
the secondary failure preceded or followed the com- 
plete failure. J 

The failing stress in the various members was deter- 


mined largely by the ratio (a) Ke of the whole spar ; 


(b) lof the whole spar; (c) 
Kez 

boom; (d) i- 

(e)£. or side of angle to thickness of side; and (f) 
t 

of a compression member in the web. 
In failure (c) the ratio = is the same as that for 


= of the compression, 
yy . 





of a free length of the corner angle 5") 


I 


kmin 


wy 

lateral bowing of the whole spar, but in the specimen 
in Fig. 3 one of the booms has its crushing stress reduced 
by the lateral loading, and, consequently, there is a 
tender.cy for one boom (the so-called compression boom) 
only to fail. : : 

The specimens in Figs. 2a and 3 have failed by: the 
lateral bowing of-one boom, ¢aused partly-by the weak- 
ness of the bracing on the boom, which allowed the two 
angles to act to a certain extent independently of each 


rand the 
‘the immediate 





Fig.5. STRESS DIAGRAMS, AVRO MACHINE. 
AVRO 504 K. NORMAL FLIGHT. 
RearTruss. CPBack: Front 




















Fig.6. BENDING-MOMENT DIAGRAM FOR AVRO 
| 
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TOP FRONT TOP REAR SPAR. 
480 
dv Lbs. 
210» 
A 4 B 
(6234.8) AVRO 504K. 


other. Under the end thrust the top bracing slackened 
sufficiently to allow one angle to Cow sideways, and 
then to pull the other angle with it. 

A specimen of the design shown in Fig, 2a, but tested 
as the specimen in Fig. 3, also failed by bowing of the 
compression boom at a stress of 34 tons per square inch 
in the angles. Bowing took place maidly in a length 


of 22 in. between the lateral loading boxes ; the ratio = 
w 
was therefore approximately = 11, and failure should 


not have occurred at a stress less than 50 tons per square 
inch, the yield stress of the angles. The specimen in 
Fig. 3 failed in a similar manner, but. with a stress of 
58 tons per square inch in the angles. In failure (e), 
Fig. 24 shows that, in addition to the bowing of one 
boom as a whole, the lips of one angle have developed 
secondary failures. Good examples of similar failures of 
type (e) are also given in Fig. 2B, where the specimen 
with ball end loading developed a stress of 75 tons per 
Square inch in the angles at failure. 

_ A good example of type (f) failure of the web elements 
18 given in Fig. 40, where the compression elements 
failed under a stress compounded of the direct com- 
pressive stress plus the bending-moment stress due to 
eccentric of the elements, The compression 
elements by and finally the tension elements tore 
we the rivets. 

4 very interesting failure of ¢; is shown in 
Hig. 4n, where the whole com: we buckled on a 
: ‘ort length equal to the piteh of the web bracing, The 

ailure, however, is peculiar, and is possibly due to the 
very stiff adjacent loading box for the loads. 
The for this panel was about 30, which for free-ended 


angle struts should correspond to a stress of about 45 tons 
Ber aisere inch. In emapeeienataalinen, teem 
was, h 43 tons per 





ever, 


i ’ be rigid enough 
members up to their proper functions 





be 
developed in the structure, of = overall dimponions 
and weight, as well as the total load which the struct 
will carry before failure, The test structure should be 
constructed of material having a yield stress considerably 
higher than would be developed, or is expected to be 
developed, in the structure. 

Careful records should then be taken of the deflections 
of the structure, under gradually increasing loading, and 
the st Iculated and plotted qgnins load factors, 
the load factor being the ratio of the load under test 
to the unit load corresponding to normal conditions of 
flight. The most stable designs can thus be separated 
from the others, and a distinction made between them 

remaining designs which are good enough for 
t purpose in view, but which may be 
incapable of application to structures of slightly increased 
dimensions. 

Steel versus Duralumin igns.—Since rigidity enters 
80 largely into the problem of designing a structure of 
minimum weight, it is obvious that a design which is good 
enough, and safe enough, in duralumin may be impossible 
in steel. In duralumin Young’s modulus is 0-37 
Young’s modulus for steel, and for the same type of 
design with the same weights and overall dimensions : 

- 
I for duralumin = ret - 2-78 x I for steel, 








hence E I for duralumin = 0-37 x 2:78 EI for 
1 


steel, 
= 1-03 EI for steel. 


4 
3 


” Feonppronimete stress and bending-moment diagrams 
or 


-truss system of this machine, for the cases 
of normal ght with centre of pressure forward and centre 
of pressure are given in Figs. 5 and 6. For the 
upper plane the unit loads on the front in the inner 
bay were taken as 850 lb. thrust with a transverse 
bending moment of 480 in.-lb., and for the rear in the 
inner bay the unit loads were taken as 1,700 lb. thrust, 
with a transverse ing moment of 480 in,-lb., corre- 

-distributed 


sponding to a bu 
spars of 1-73 lb. per inch run. 

For purposes of i the main- spar test 
specimens” were finally chovon of length FQ. Fig. 6, 
equal to the distance between the points of inflection in 
the inner bay of the wings. This distance in the 
pent rampage it value ot i ig ey one 
we wings mt spar is 24 in. ; the rear 
spar 2 in. deep; their average weights for dry, grade A 
spruce, were 0-58 Ib. per foot and 0-63 lb. per foot 





bay gear ty: A 
very number of designs and test specimens for 
prepared 


these Avro front and rear spars were » an 





Fie. 7. Avro Spars 1x Duratoumrn. 


Fig.8.CHANNEL TYPE OF SMALL SPAR IN DURALUMIN. 











The duralumin and steel beams or struts should, 
therefore, be equally strong. The duralumin specimen, 
however, will have ter rigidity — secondary 
failures than the specimen, since, for equal weight, 
its individual members will have 2-78 times the thickness 
of the corresponding members in the steel p omg and, 
consequently, the duralumin imen should be the 
more stable of the two. Also, by a final readjustment 
of the material throughout the cross-section, say, from 
the webs to the booms, it should be possible to obtain 
better results by the use of properly heat-treated 
duralumin than from steel. 

For ouadl righty the design in duralumin will be 
pre gy oom to produce than the design in steel ; 
and, further, this design in duralumin will probably, for 
equal weight, have a relatively better moment of inertia I 
than the steel specimen, and, consequently, the deflection 
of the structure and the nding stresses due to end 
thrusts will be less, giving considerably improved load 
factors. This feature will be more fully illustrated in 
connection with the strength of the main spars in aero- 

At the t moment, whilst a number of excellent 
cope of steel main-plane spars are available for the 

t of aero es, equally suitable designs in 
steel for main-p) apars of the larger types of 
bombing machines, such as the H -Page V 1,500, 
have not been produced. Designs in duralumin have, 


Messrs. Vickers, Limited, Barrow-in-Furness, are 4 





Fig.9. view ene aren omens. 


1B 


analyses of the test results shows that, for machines of 
this size a steel or a duralumin 
that of the wooden 
cent. in exéess of 
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The channel type front-spar specimen, shown in 
Fig. 8, was 16 per cent. lighter than the standard Avro 
wooden front spar, and withstood a load factor of 6-72 
at failure, against the specified 6. The stress developed 
was 17:8 tons square inch, Failure commenced 
by buckling of the free lips of the channels on the com- 
pression boom. On cutting away these lips and re- 
testing, the load factor in the lightened spar fell to 4-9, 
but the stress devel at i rewed increased or. = 

uare inch. icular specimen is of import- 
Saco chiedly for the P srr of comparison with the 
similar t of construction in steel illustrated later. 
These wed specimens were all rather heavy, 


and usually 
1g.10.SECTION OF igN. SECTION OF 
sagt or AVRO STEEL Fig DUNLOP AVRO 
SPAR WITH SHORT WEB. SPAR WITH 
LONG WEB. 


SY 
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(26h ——-7-5"---—>4 
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Fig.15. MODE OF BRACING WEBS OF BOULTON & 
PAUL STEEL SPARS. 
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developed at failure stresses which, for steel, do not com- 
favourably with the 18 tons to 19 tons per square 
inch in the duralumin imen. 

Steel Bad a teas te of the Ru type of 
main-plane spar, i Major H. N. Wylie, and 
man’ actured by — Hudgo-Whitworeh and Co. 
is given in Fig. 9. is type of spar may as 
@ modification of the box _— type, with the webs 
drawn together and riveted, formi 


at the waist by riveting. 
Since the loading on spars is compounded of a 
lateral bending moment with a relatively large end load, 
the close ap: to the tubular construction for the 
i m of the spar makes for great rigidity. 
This type of design has given excellent its. An 
Avro front-spar specimen, 8 per cent. lighter than the 
standard wooden spar, gives a load factor of 8 at failure, 
against the specified 6, and develops a maximum fibre- 
stress of 64-6 tons per square inch at failure, which 
occurs by a crumpling of the riveted edge of the com- 
pression boom. ote should be taken of the sharp 
curvature in the web where it meets and supports the 
free edges of the corrugated boom strips. The free 
edges of the boom are situated about 80 per cent. of 
the maximum from the neutral axis, and hence 
the maximum stress which can be developed is about 


~ or 1-25 times thé stress which the stiffened free 


ae ye withstand, 
he designs shown in Figs. 10 and 11, due to Major 


Siftiou! b plate should 

i ty the web p erabl 
to the beams by ‘steuting, oe be 
ee eee ee , or else 
to be a special form of I-girder. Te te veny sighl ‘ugaians 
torsion. 


occurs, Satisfactory welds have, however, been obtai 
be 


oe ee eee at net 
facilitate welding, web, in weight to the 
standard wooden spar, withstood a factor of 7-5 at 
failure, by the compression boom, against 

i stress 


of 54-8 tons per square inch in the compression boom ; 





the modified section with the web extended to the crown 
of the booms, and weighing, in consequence, 7 per cent. 
more than the standard wooden spar, withstood a load 
factor of 8-1 at failure on buckling of the com ion 
boom, and developed a maximum fibre stress of 58-8 tons 
per square inch on the compressive boom. In both 
cases the booms were 0-019 in. thick, and the webs 
approximately 0-018 in. thick. The influence of heat- 
treatment on the Dunlop specimen is clearly shown by the 
curves T; and T, in Fig. 25, which w'll be printed later. 
The design illustrated by Fig. 12 is due to Professor 
Lea, and the booms were supplied by Messrs. The 
Dunlop Rubber Company. It consists of an ordinary 













booms, and then by riveting the three thicknesses of 
In the earlier test specimens, the central 
portion of the webs at the neutral axis was lightened, 
and then stiffened by flanging the holes, as shown in the 
sketch. This method of stiffening did not — very 
; the webs were rather weak, and showed a 
strong to come together when the test specimen 
was loaded. deflection of the specimen was, conse- 
uently, much greater than was calculated, and, with 
the ively large end load, the additional stress due 
to the end load a moment increased rapidly, 
ucing failure at a } factor of 6-2 in the case of a 


sati 


























Fig.l2.cyce Rim, avro STEEL —- Fig. 14. BOULTON & PAUL AVRO SPAR SPECIMEN. 
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Figs.17a,17b, and 17c. 























16. Avro Srzzt Spar SpEcmmEN By Maussrs. Toe Street Wrxe Co. 


SECTIONS OF AVRO STEEL SPAR SPECIMENS BY 
MESS *$ THE 


EEL WING C? 
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section, together with webs of the Rudge 


This form has a number 


of valuable features ; 
Liminates the’ : 











which was 7 per cent. T 
standard Avro wooden front spar, althoug the —, 
fibre stress developed in the compression boom had the 
high value of 55-4 tons per square inch. big Be aay 
usually failed by buckling at the compression m, 


Thee ab braced together, as shown in 


od than the 


ua tery? ht g tubes, which act as distance 
. i ight ubes, 
- so hsowens hag ad ys er of shoulders bumped 
up on the tubes as shown, giving ® much stiffer spar 
and wing. : a 

The earlier eee spars desi and buiit by 
Messrs. The Steel Wing Com for all-metal — 
for the B.E.2p and the Bristol M.R.1 aeroplanes, in 191 
and 1918, were in two portions, each consisting of @ pair 
of steel channels connected by riveting to # continue 
webs with erties) ‘corragetions of depth equnl %° ° 
width of channels. 

In the M.R.1 machine, the two parts of the spar were 


S=w TT ww | & 


see" ™o ™ 
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held apart saddle plates to which the ribs were 
attached, as in Fig. 44* of the M.R.1 wing. 

In the B.E.2p wing the two portions of the main spars 
were held apart by @ continuous steel strip, blanked out 
and riveted to the spar, as shown in Fig. 174. Attention 
is drawn jally to this light bracing on the booms 
with its sbght stiffening corrugations at 5 in. pitch, 
because in all the cases where a similar type of spar 
construction was tried (spars with four main members, 
angles, channels, &c., at the corners, connected together 
with some form of bracing on booms or webs), and 

ially where the spar was subjected to combined 
lateral and end loading, it ‘was found that the bracing 








Fie. 18. Laver Avro Srexet Spar Specimzn 
By Messrs. THe Steet Wrxe_Co. 


j R SPECIMEN OF EARLY 
F ig.19. ARO ee SESS #5 BRUNTONS. 











errno? 


Fig. 2/1. 


SPECIMENS BY MESS®5 SINGER 
MANUFACTURING C? 


CHANNEL TYPE OF AVRO STEEL SPAR 


design had a weight 24 per cent. ter than the standard 
wooden spar, and gave a | factor of fully 9-5 or 
58 per cent. greater than the specified load factor 6. 
The maximum stress ery te at failure was 40 tons 
square inch, the elastic limit of the material being 
7-5 tons per square inch, and the yield stress 54 tons 
to 60 tons per square inch. Failure commenced by a 
buckling of one of the overhung lips, this b i 
extending to the flange proper and to the webs. This 
type of design with overhung lips at the maximum 
distance from the neutral axis, and with a slightly 





heavier section than the wooden spar, gives apes 4 
a high value of the Euler crippling load and a hig’ 


therefore, be compared with the equivalent design by 
Messrs. The Steel Wing Company. The spar was too 
wide and too heavy, being 50 per cent. heavier than the 
wooden. spar. ee added cis tie 
factor than the six specified, and develo only 31-9 
tons per square inch at failure, and shows the weakness 
and waste of material at the of the booms. 


similar pieces, which overlap at the 

In the actual spar t 
two halves of the boom were connected by 
soldering, and in spite of the irregularities of 
gations the 


corru- 
, which weighed 0-50 Ib, net per 





Fic. 214. CHANNEL TyPE or Avro Sruxt Spar Spzcmmen py Mzssrs. SuvceR Manvracturie Co. 


Fig.22. SMALL STEEL SPAR BY EMPIRE ART METAL C2, U.S.A. 
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Fig.40. AVRO STEEL SPAR SPECIMEN _ OF LATER 
TYPE BY MESS®$ BRUNTONS. 
is i 
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in the com jon boom slackened and sagged and 
added relatively little or nothing to the strength of 
the spar. An example of this type of construction 
applied to an Avro spar specimen is shown in Fig. 16. 

he maximum stress developed in these flat-sided 
channels, § in. deep by t in. wide, with rounded corners 
and edges, seems to about 30 tons per square inch 
with material of higher elastic limit. 

_Successive modifications are shown in Figs. 178 and 
170, showing a.continuous steel strip with longitudinal 
corrugations on each boom, and with the lightened webs 
forming what still appear to be corner channels, with 
the result that the Avro spar shown in Fig. 170, 22 per 
cent. heavier than the Avro wooden fron’ 
failure a load factor of 8- 
the specified factor 6. 
given excellent results in 
pe ape = and in continued 
requent ings of the aeroplane. The thin steel- 
lattice web, 0-018 in. thick, was weak in shear, resulting, 
in the combined 


of this type of construction, 
r Pig. 18; has more curvature of the stri 
especially at the overhung lips. A modification of thi 








* This figure will be published later. 


is Fig. 22a. Smatt Sreet Spar By 






Fig.23. FOR 





LATTICE 


Shear Deflection uv Inches. 


moment of inertia I, with a low fibre stress for a definite 
load. For example, at a load factor of 8, the maximum 
stress would only be about 31-5 tons per square inch, 
and at the specified load factor of 6 the maximum stress 
is only et ay, oe ee ‘ 
Messrs. Bruntons, eager ay and Messrs. Singer, 
Clydebank, in conjunction with Major J. Goodman, 
designed and constructed a considerable number of 


(6224.m) 


Avro . 

Fig. 19 represents a spar with webs blanked out to 
lattice form, and with the vertical and di members 
of the lattice stiffened by embossing. webs are 
riveted to the booms by eyelets, and the 
overhung free lips of booms are turned down, making 
the w! spar into a system of corner channels wi 
lattice webs and continuous booms, and may 





Empree Arr Mera Co., U.S.A. 
foot, or about 0-60 1b. per foot incl the solder. 
against the standard 0-58 Ib. per foot, wi & load 


factor of 8-1 against the 6 specified, and develeped a 
maximum fibre stress of 47 tons Yad square inch in the 
compression boom at failure, with material having an 
elastic limit of 43 tons per square inch, and an ultimate 
poor Hae Fai: poreadhgues The specimen was 
only 1-1 in, wide was probably weak laterally. 
Failure occurred by buckling of the compression boom. 
The yield-point of the material must have been about 
47 tons per square inch, ly the specimen, 
in any case, could not have dev @ stress much 


greater than 47 tons square inch, speeimen 
represents @ suc cleans 00 et id Of the feos 
in the boom. 


igs. 21 and 21a show a by Messrs, The Singer 
Manufacturing Company uti steel channels braced 
together with deeply-domed boom strips, and continuous 
webs with vertical corrugetions. is desi: was 
developed independently, and avoids the weak features 
of the thin steel channels by bringing these channels closer 
to the neutral axis of the spar. The was 
naturally heavy, being 29 cent. hea 
Titania eneone eloped @ maximum stress 
at failure of about 39 tons per square inch, with a load 
factor of 6-9 against the 6 specified The elastic limit 
of the material was about 33 tons per square inch, and the 
ultimate stress 49 tons per square inch, 
The box t pally continuous corrugated booms 
and lattice we in Figs. 22 and 224 was produced 
by the Empire Art Metal Company, U.8.A., and is of a 
size —— a, aed of we Avro Free edges are 
avoi on ti ms by making the spar in two parts— 
Sales are siveted together, forsaing «very imple end 
ves are riv @ very simp! 
effective construction for PRaagamee Bags f main-plane 


Shear Tests on Avro Steel-Spar Specimens,—In ral 
there was little difficuty in making the Hae Avro 
8 specimens enough in shear. maximum 
p srs amply x ont spar in the inner bay at a load 
factor of 6' is approximately 500 lb. Many of the 
lightened webs were strong enough in shear, but they 
gave too large deflections for spars with the large 
end loads in the Avro 504 K. 











As a definite illustration of the increased shear defled- 
tion in # spar specimen with continuous webs, it will be 
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instructive to study Fig. 23, where a comparison is given 
tro wad dedection Crees obtained from bending teste 
on two short lengths of spar specimens illustrated in 


0-018 in. thick as shown. The lattice web was actually 
6 per cent. heavier than the continuous web. At the 
: o-198 1 gO. 080 in. f for ‘ino tunaies 
i were 0-138 in. . 
nti . The deflections were, 


Experi iments on the influence of embossing the 
diagonals of a lattice web on the strength and stiffness of 
the apar were carried cntuen shpanes apasenen Sex & 
Fig. 19. The spar specimen was tested with the 
vertical lattice members wed; & sec 











The 
em 


ing of diag elastic 
limit of the spar from 15-1 tons to 18-8 oo aumese 
inch, and the ultimate strength from 30-6 to 35-1 
tons per square inch, ; 

The stiffening of the diagonal members of the lattice 
web has raised the elastic limit of the by 25 per cent., 
and the ultimate stress and load by. about 15.per cent, 

All experience goes to prove that in these Avro spar 
specimens, if the design is relatively light, and if it is 
intended to develop a high fibre stress of the order of 
60 tons uare inch or greater, attention must be 
paid to the stiffening of the webs, and no lightening holes 
should be permitted. tae . 

If the webs are continuous and rigid they will also 
take their proper share of the end thrust, and will to that 
extent relieve the stress in the compressive boom. 


(To be continued.) 





THE ACTION ON ALUMINIUM OF HARD 
INDUSTRIAL WATERS.* 
By Rionarp SeiiemMan, Ph.Nat.D., Member, and 
Peroy Wits, B.Sc., Member {London). 

In this paper the authors deal with the effect of indus- 
trial fresh waters on wrought aluminium. When alu- 
minium suffers attack by moderately hard waters, which 
for convenience may be termed “ tap-water,”” corrosion 
occurs unless special means be taken to prevent it, and 
this corrosion may assume one of two definite forms, 
which may be differentiated as“ ” ‘$ 
Which form the corrogion * 


of factors cited later, . 
aluminium sheet is p in most “‘ tap waters,’ the first 


When 
visible sign of attack is the of small 
of gas bubbles upon surface of the gg 
examined, these bub eee, vdroride, 
h 


tenuous clouds of al if left 
undisturbed adhere lightly to the metal for a considerable 
time. In the tap water with which the experiments 
were carried out, the appearance of ups of gas 
bubbles was 4 observed, within minutes 
of the immersion of the strip. This form of corrosion is 
p papeeteel, and may therefore be suitably termed 
rtshing®™ If the strip be removed, washed and dried, 
the s ote pomp be ag vty wierse oe 
grou ubbles epprere. ut no deep-sea 
pba. Ao on be apparent. bubbles also form n 
the pr = Boicyeord but they ery So y dis- 
tinge the that are not located in grou 
and are not Aeconinenied tog Ae of hydroxide. wheel 

For 24 hours or more etching goes on, and during this 
time more and more of the surface becomes involved, 
the areas becoming more and more i in 
outline. Grad however, this type of attack 
diminishes and Vv ceases altogether. The unattacked 
portions of the sheet then show a light brown stain, and 
are rough to the touch, owing to a crystalline it 
of calcium carbonate. When the strip has remained 
immersed for one or two days “ pitting” begins to show 
itself, This form of corrosion is, as its name implies, 
—— local, and usually deep seated. It is charac- 
terised by the growth at certain spots upon the surface of 
the metal of white, gelatinous tufts or nodules, each of 
which is associated with one or more relatively large 
bubbles of Le bet oy Unlike etching, pitting shows no 
tendency to diminish, but 80 yer. Fe! the oy oe 
ment continues. On drying a which has 
immersed in tap water for a week or more each tuft or 
nodule is found to be connected with a pit, group of pits, 
or blister on the surface of the metal. pit or centre 
of attack is surrounded by a zone of unattacked metal, 
which retains its original lustre. 

It will be apparent how much these two forms of 
corrosion oon is Gee ree’ bearing. Etching which 


ot 
itself one of tab ppovean difficul. 
application of aluminium to industry 


sae Mare coreusel Se tesnns views 
to explain inception attack water 

aluminium, Heyn and Bauert that when 
aluminium is immersed in water al ium passes into 


* Paper read before the Institute of Metals, March 11, 
1920, slightly » i . 


bridged 
Bauer, M aus dem igh 
Ua maar ase et 


boron , has 
preegen= ye Dn 
been 








solution until the water is saturated with the ionised 
metal. In the absence of oxygen the interaction then 
ceases, but causes the formation of aluminium 
h i ‘hich ic insoluble, and ts peosipiteted: se 
the water can take up ea further quantity. of 
aluminium. and the process can repeat i so as 

oxygen is available. Bailey* states that no al 
into solution, the hydroxide formed being due 
to direct oxidation by the oxygen dissolved in the water. 
Neither author adduces any experimental evidence by 
which the relative validity of these two hypotheses can 
be tested. and Hudson{ attribute the 
commencement of the interaction to dissolved carbon 
dioxide. They suggest that the carbon dioxide dissolves 
the film of aluminium hydroxide generally supposed to 
cover the surface of aluminium. Hereafter interaction 
between the dissolved carbonates and chlorides causes 
the formation of aluminium chloride. This is hydrolised, 
[esting inociatis aluminium come and hy oric 
acid, in its turn attacks the metal with the forma- 
tion chloride. In the eonetion, of 
that they, too, t the view 
mew = | by direct 


be made here to the view 
»§ according to which the 
lum is due to dissolution of the 
intercrystalline cement and consequent disintegration 
of the metal. The present writers have repeated 
Le Chatelier’s experiments without being able to confirm 
his restlts, but — have found that dilute sulphuric 
acid produces exactly this effect upon sheet aluminium 
which has been overheated, or upon cast aluminium. 

To this aspect of the question the present writers 
have not devoted their attention. They have satisfied 
themselves by rather more exhaustive experiments than 
the one deseribed by Heyn and Bauer, that oxygen 
is absolutely cxcesttial to attack on aluminium by water, 
and that in its absence neither etching nor pitting takes 
place whatever the physical state of metal, whatever 
the composition of the water, or whatever the super- 
imposed atmosphere in other respects than its oxygen 
content. 

Oxidation may therefore be accepted as the first stage 
in the corrosion of aluminium by water and as being 
the prime cause of both etching and pitting. What, 
then, may be the factors that determine which form the 
attack s assume? In the following list some of 
these factors are enumerated : (1) The presence of easily- 
attacked impurities ; (2) the ce of impurities which 
promote attack of the aluminium ; (3) physical differences 
in the metal; (4) the composition of the water; 
(5) “‘mechanical’’ im ections in the metal. With 
the exception of the (Nots.—Gépel|| perhaps had 
this in mind, but is not quite clear) all these 
explain she form of EE iessesthed on ptbaters 
to rm 0 ; lescri as pitting, 
and to some extent all of them are operative. The 

“writers believe that the chief rdles are played 


y the of the water and by that descri 

as“ i Rabethatens in the metal. 

he enumerated entail the assump- 
tion of areas of different potential on the surface of the 
metal. That such areas actually exist seems highly 
probable, and this view is supported by comparing a 
sheet exposed to atteck by water, unaided, with sheets 
which have been made the atiode and cathode respec- 
tively of a cell in an electric circuit, the Soctevgte being 
water. If two similar strips of aluminium be i 
in — and connected, the one with the positive 
and other with the negative pole of an external source 


| 





Although in view of these considerations it seemed 
impossible that impurities could account for pitting, a 
series of experiments was undertaken with a view to 
settling the matter. This seemed to be desirable also, 
because from time to time small pieces of foreign metal 
are found mechanically embedded in otherwise pure 
The method adopted was to insert small pieces 
of material under examination into the surface of the 
The materials experimented with were copper, 
tin, iron, zine, earbon and lead, As a preliminary, 
the polarity of these materials when compared with 
tap water was studied, and it was found 
that under all conditions copper, tin, lead and carbon 
were electro-negative to aluminium, magnesium and 
zinc electro-positive ; whilst iron, whether cast or in the 
form of steel or wrought iron covered 
fluctuated at first, but was after a few ney immersion 
electro-positive at temperatures up to abo 

No weight is to be 
indicating the of 


bf 


um 
and not with the true metal ; but they 
many of the common impurities, even 
if not uniformly distributed, are more likely to protect 
aluminium to promote corrosion. It may be 
objected that the impurities are more likely to be present 
alloyed with aluminium’ than ‘in a:state a me: » but 
t this it may be stated that most. of alloys of 
uminium experimented with have been found to be more 
electro-positive than the pure alloying metal. Thus 
for instance, an alloy of 90 cent. aluminium with 
10 per cent. of tin was found to be electro-positive to 
pure aluminium. As might be anticipated from the 
above statement, the insertion of pieces of zinc or iron 
into the surface of the metal served to restrain corrosion, 
or in some cases to inhibit it altogether. But even pieces 
of copper failed to produce pitting which could not be 
attributed to other causes. 

The effect of > nap differences in the metal was first 
investigated by Heyn and Bauer. In their long and very 
thorough investigation they definitely established the fact 
that hard-worked aluminium is electro-positive to 
annealed aluminium, and they further showed that such 
hard-worked sheets are also much more prone to corrosion 
than identical sheets which have been annealed. The 
assume that a hard-worked sheet contains areas which 
baw 4 as to the amount of working they have undergone 
and co: uently in polarity, and that it is the hard- 
worked, positive areas whic © pits or 
blisters, whilst the comparatively unworked, electro- 
negative areas remain unscathed. The present writers 
go a long way with Heyn and Bauer. ere can be no 

ubt as to the relative ease with which hard-worked 
metal is attacked, but this alone cannot, they think, 
account for the peculiar form of attaek which aluminium 

. Whilst pits and blisters are far more readily 
poodent on hard aluminium sheet they are nevertheless 
ormed, given the necessary conditions, on annealed 
aluminium where physical differences, due to work 
hardness, must be ed out. Moreover, the question 
is capable of experimental treatment. If various 
selected spots on an annealed sheet of aluminium be 
severely hammered such spots must be electro-positive 
to the remainder of the sheet, and should, upon im- 
mersion in water, develop pits and blisters. This 
experiment has been made many times, but no case in 
which it could be said that blistering or pitting pre- 
dominated on the hammered spots has been observed. 

The effect of the composition of the water upon the 
form which the corrosion of aluminium takes was also 





of electricity of sufficient voltage, all the ph 
described as characteristic of the corrosion of aluminium 
in tap water will be seen. Whereas, however, in the case 
of unaided corrosion, all the phenomena will be found on 
the same strip, they will now be found to be divided 
between the cathode and the anode. On the cathode 
will be found the light brown stain and the deposit of 
crystalline calcium carbonate, whilst upon the anode 
will appear tufts of hydroxide covering well-defined pits. 
The remainder of the anode will remain bright and 
quite clean, thus simulating the zones of unattacked 
metal, which in the case of unaided pitting surround each 
pit. It seems clear, then, that areas of different poten- 
tiality exist in sheet alumin um; but although such 
differences must determine which areas are to be attacked, 
the present writers cannot accept them as determinin 
the exact position of pits because pits occur even thoug, 
a whole sheet may Be the anode under the influence 
of an external source of electricity. 

The effect of impurities in a metal upon corrosion has 
been discussed by Bengough and Hudson] with reference 
to pure zinc. As in the case of zinc, the normal impurities 
in aluminium are either dissolved or combined, or other- 
wise so uniformly distributed throughout the metal that 
it is almost incredible that they fornf the intensely 
localised differences which must be assumed if they are 
to be held responsible for the form of attack known as 
pitting. That aluminium alloyed with other metals in 

ble quantities is more liable to corrosion than the 
- { See ro 


alloys 

uently show a much of corrosion 
ah Gout enatnyed channian. 

* Bailey, Journal of the Institute of Metals, No. 1, 

" vol. ix, page 79. 


1k nod Teele, Fourth Report to the 
iia ‘oO 
’’ Journal of the Institute of Metals, 
No. 1, 1919, vol. 

Chatelier, 





page 262. 3 , 
, Revue de Métallurgie, 1911, vol. viii, 


Sle 
373. 
nd ops Zeitschrift’ fir Inetrumentenieunde, 1902, 
§ Loe ci, page 68. 








tudied by Heyn and Bauer. The tap water with which 

the bulk of their experiments was carried out had the 
res. composition, in milli es per litre: 
Total solids, 280; SiOg, 12; AleO; and Fe20s, trace; 
CaO, 96; MgO, 12; CO, 71; HeSO,4, 34; Cl, 26. 

They made up a number of solutions containing some 
or all of these ingredients, and found that differences 
occurred in the form which corrosion took. They con- 
cluded, however, that at the time of their communication 
(1911) they could not definitely say which salts were 

us from the point of view of the pitting which 
they caused, but that pitting seemed most severe when 
certain calcium salts predominated. 

The present writers have done most of their experiments 
with water containing NaCl 30, CaSO, 60, CaCO; (as 
bicarbonate) 190 iitesmantes per litre. They have 
made a systematic series of experiments with solutions 
containing these i ients in various combinations, and 
as a result have come to bP ne conclusion — 

itting is dependent upon imultaneous presence 0 
The chlorides —_ iabesbenates = either calcium or 
sodium, or in probability of o metals. 

Ref has al dy been made. to the, view, of 
Bengough and Hudson, that it is dissolved carbon 
dioxide’ which initiates the attack on an oxidised 

ini i to enter upon 4 
have not the 
necessary experimental data, the present writers may 
point out that no excess of carbon dioxide nd that 
necessary to form the bicarbonates was in their 
i although it is not impossible that minute 
quantities of carbon dioxide were li during the 
i Whilst satisfied as to the necessity for the 
i i above, the writers 
that there is another factor which they have 
able 





they 
from the 
from ingredients and y tically -indistinguishable 
trom the tap water showed enhanced power of producing 


* Cf. Bengough and. Hudson, Joc. cit., page 146. 
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In regard to the effect of mechanical imperfections 
in sheet gc aye upon eee to corrosion 
thors made experiments covering portions 
of sheet ‘with porous materials, and noted thet such 
ered i are ost every case o 
covts attacked. This led to investigation along two 
lines: Firstly, the nature of the ucts the 
interaction and their effect upon um; and, 
secondly the conditions under which such products could 
presen As during the corrosion of an opparently 


to attack by water, the 

two main ucts in interaction are aluminium 

hydrate hydrogen. That either of these can directly 

promote corrosion seems to be inconceivable. However, 

oxygen is essential to this attack, and it has been shown 
y 


Here, then, is a product of the interaction which itself 
promotes the interaction and which sufficiently explains 
the accentuation of corrosion wherever such products can 
accumulate. The formation of an adherent mass of 
aluminium hydrate at any point of attack ensures the 
retention at that point of much of the hydrogen peroxide 
formed, and this in its turn accounts for Sho reget progress 
of corrosion at a few points once it has : 
Bengo’ and Hudsont also ise this property 
of the hydrate formed, but in dealing with sea water 
conclude that it is HCl which is i 

That any roughness on the surface of a sheet should, 
by facilitating the escape of hydro; determine a point 
of attack is readily agreed ; but points eannot 
explain one of the main features of corrosion of al um 
by tap water, the formation of blisters, which may on 
oceasion attain dimensions of a square inch or more. 
The present writers believe that blisters occur 
wherever the water gains access, either immedia‘ on 
immersion or during the course of corrosion of the t 
described as etching to one of the numerous cavi' 
with which most aluminium sheet is permeated. It is 
well known that these cavities exist, and are a source of 
the greatest trouble to the rollers of aluminium AGA 
Anderson,} also Gwyer§). In the case of hard-rolled 
sheet they are rarely visible, but frequently become so 
on annealing, owing to the expansion of the gases which 
they contain. 

It is clear that wherever water gains access to such a 
cavity ideal conditions exist for the accumulation of the 
products of corrosion, and it has already been shown that 
among these products is hydrogen , which itself 

tes corrosi The cavity 





be ‘ 
sheet and subsequen’ 80 ectly closed over by 
hemmnaring thes th oetdee te vidbta 86 waht be fount thes 
on immersing the sheet so treated in water, 
will almost invariably start at the points so 

and perfectly typical pits and blisters will be formed 
there. This occurs w! the sheet has been annealed 
after hammering or not. From these considerations the 
present writers conclude that whilst oxygen is an essential 
to the corrosion of aluminium in tap water, the factors 
governing pitting are the simultaneous presence of 
chlorides and bicarbonates in the water, and of cavities 
in the aluminium sheet. 


The experiments made by the writers to find a method 
suitable for practical application of protecting aluminium 
from corrosion by tap water are classified as under :— 








before they learned of and Hudson’s work. 
Anderson, Journal Metals. 
ois vol. xx. 23, 227, tang, wn baa a 


» Vol. xiv, page 254. 
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degree of protection upon the metal. these 
methods share the disadvan’ oF oth tectastive cuningh, 
in that the coating must be thin and 
interruption. Amongst the methods found more or less 
effective were the of the metal, immersion in 
ammonia and in solutions of phosphate and bicarbonate 
of soda. The protection afforded by these devices is in 
all cases relative rather than absolute, and although 
ater.—Chemical treatment of yor Aa sa 
pitting 


“oy Of of 
(0) 
is le of removing absolutely its property o 
aluminium, It has been stated above that the worst 
id upon the simultaneous presence, 
of bicarbonates chlorides. It might be concluded 
therefore, that steps taken to remove “ temporary 
hardness” would at the same time inhibit corrosion. 
This is to a extent the case. Thus, for instance, 
hard water which has been boiled for some time is found 
to be much less prone to pit aluminium than is the same 
peony eansnny’ even Wr geod it has ro Pc engl to 
absorb oxygen to t expelled iting m 
Better results pe obtained by the addition of lime 
water to the water to be treated. The addition of 
sufficient lime to convert the bicarbonate present into 
carbonate with an excess of 20 per cent. of the Ca(OH)» 
so used inhibits pitting absolutely except at the water- 
line. The writers have previously shown that very small 
quantities of nitric acid suffice to prevent the local attack 
on aluminium of the lower fatty acids.* They have 
found that similar protection is afforded by very small 
eS ee eee ae Coe 
he nitrates experimented with were potassium, 
ammonium and aluminium nitrates, and there can be but 
little doubt that other nitrates, at any rate those of 
metals more electro-positive than aluminium, would 
prove equally eflective. Concentrations as low as 
0-001 per cent. and even 0-0001 per cent. served to 
reduce corrosion to a marked extent, whilst absolute 
immunity from pitting was afforded by concentrations 
of 0-01 per cent. and uj 


Nors.—Dunstan and Hillt state that nitrates do not 


prevent the ion of aluminium, but it is not quite 
clear what the tions of their experiments were. 
the addition of 


There are many cases in practice w 
small quantities of nitrates such as these to water would 
Beeve © prepeanitn Seemed @, Erovensing cortonine. In 
general, rer, it was felt that a sparingly soluble salt 
would prove more serviceable. Such a salt could be added, 
in excess to a vessel destined to hold corrosive water 
and would remain therein for long periods dissolving at a 
rate sufficient to afford protection. As no inorganic 
nitrates were likely to meet this condition, experiments 
were made in other directions. 

Dunstan and Hill have also shown that potassium 
bichromate inhibits the oxidation of aluminium, and 
it was thought that the ngly soluble chromates of 
the alkaline earths would therefore meet the requirements 
of the case. This view was found to be correct, and it 
chromate or a saturated solution of barium 
protect aluminium as well as the nitrates.; A form 
in which these chromates could be used was not quite 
simple to devise. Ultimately the device was adopted 
mixture with formaldehyde. Gelatine so 
gives up ite holding of chromate s , and @ quantity 
of it placed in a suitable manner an aluminium 
container or in the pipe-line by which water flows into 
the container protects the aluminium for a long time. 

Il. Exrzorro-Czemicat Mreruops. 
i of protection may be 


(c) Protection by an Outside Source of Hlectricity.— 
Experiments have shown that aluminium may be 
absolutely 
arranged 


: 
f 
F 
i 
&. 


Ee 


from pitting by tap water if it be 
as cathode in a circuit with an outside source 
of electricity. As anode either inum, , ore 
rod of may be used. This is not only the case 


and | with smell test-pieces, but has been found to hold good 
with vessels of i size. 


water by 
Si coll cies ae cee pare in te 
a See pe eae ee attack on the 


and absolute 


water. 

aluminium is, \ 
and will protect the latter from attack by either water 
over & . Similarly alloys of zinc and 
aluminivm,* and by 
varying the zine content of the alloy i 


Many of the authors’ experimen 

already, so that it only remains for them to complete 
thesis by adding one or two details as to their 

methods of 


The Metal Coed The The aluraini inium used throughout had 
in percentages : +29; iron, 0-49; co , 0°00; 
aluminium (difference), 99-22. It was used thse state 
of hard-rolled sheet 0-7 mm. thick, where special 

used it prepared from ~“ bove b eal a 
was v was above i 
deg . 


for 2 hours at 


E 


. C. 
Pre; ion of Test-Pieces.—A preliminary series of 

epgalleaes textaaia wih ethan te Geltng the 

cleansing process to . The main vequbtment 

was to obtain a surface would give reasonably 

consistent results, and which would be that 

in actual. practice. The methods examined were: 


(a) Immersion in a warm 5 Le Ay ay i eg 
(b) the above followed i FEE acid ; 


i 


ments of whether by weighing or mechanical 
tests, have, with very rare exceptions, not been carried 
out. heme. cp. ofan. Given. exptasmen, te tale 
views on this pointt that they need describe them 
here, The of corrosion was generally deter- 
mined by examination of the sheet b: 


were air, carbon dioxide, hydrogen. 
The co Meng were not critical 
to solve the question as to whether in the total of 


Te maieode of exppinnenting were adopted. In 
metal and water were in beakers and these 
enclosed in a ’s desiccator. fe on sen 
of the first eG, Seeeaenh 00 
ane: 4 be san roan fe 1917. It con- 
tained @ strip of al and tap water, and was 
" i tee and sealed, re 

a 

GIR ahs tectace of te metal wes anil uatentiel onl 

es. cae mat ahives the ok but 2 
water 
B en] nan 
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8 and Williams, Journal of the Society of 
made Choiedl Intuaury, 1917 vol. xxxvi, 414 ¢ 


ee a, eee a Society, 


191 , 
Chemical Society, 1920, vol. 
oxi page 28) published since the above was written. 





‘ gy. Br. Patent No. 104128 (1918). as 
ion Clonee + ourmal of the Tnetinnte of Metals, 
No. 1, 1919, vol. xxi, 243. 


the Institute of Brewing, 1911, 
wee . vol, viii, page 677. 
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iven : A sample of water was placed in a “ uro Dglass ” 
Gcieer dnd tho latter placed in a desiccator, which was 
then evacuated by a water pump. Carbon dioxide was 
then admitted to the desiccator, which was subsequently 
opened. After a strip of aluminium had been placed 
in the beaker the desiccator was closed and evacuated 
once more, A further quantity of CO: was then admitted. 
After three days a slight brown stain appeared on the 
aluminium, but there was no other sign of action. After 
twelve days there was still no visible sign of corrosion. 
Eleven per cent. by volume of oxygen was then admitted 
to the desiccator. On the third day a deposit of 
aluminium hydrate had formed and gas was being evolved 
at definite points. On the fifth day the strip was 
removed and found to be pitted and blistered. 





ENGINEERING. 


ments were carried out in ‘‘ Duro ere em of 
400 c.c. — , containing 300 c.c, 0) required 
solution. The monte, which measured 8-75 cm. x 6-5 
cm., were immersed to a depth of about 7¢.m. It has 
been stated already that the laboratory tap-water con- 
tained 30 mgrms. NaCl per litre, 60 mgrms. CaSO, per 
litre, 190 mgrms. CaCO; per litre, the latter being present 
as bicarbonate. 

An artificial tap-water prepared by the addition of the 
above salts in the necessary proportions to some — 
redistilled water was found to have the same inity 
as the laboratory tap-water. Upon aluminium it pro- 
duced exactly the same types of corrosion, but proved 
to be rather more active. 

Separate solutions of the three salts were prepared, 











Observations. 








Hydrogen Peroxide 
Solution. | Formed. 
After 24 Hours. After Seven Days. 
(h) Distilled water No change No film. A few small nodules of | Less than 0-0001 per cent. 


(a) NaCl .. 
surface covered with a gelatinous 
deposit thicker on areas free 
from brown film. No pitting or 
os 

(b) CaSO, No definite change .. 


(c) Ca(HCOs)e 
(d) NaCl + CasO 


No definite change . 


(e) NaCl + Ca(HCOs)2 
nodules of aluminium hydrate 
accompanied by gas bub’ 


(f) CaSO, + Ca(HCO;)2 | Faint stain at water-line .. 


Brown film ip places. Definite 


“ *Ca(HOOs wy ittin, nied b 
" g accom as 
bubbies - = 








Brown film in laces. Whole | As after 24 hours. On drying, 


Brown film in places 3 --| Brown film in 


Slight uniform brown film with one 


Brown 
corrosion of both types 


aluminium hydrate covering 

minute pits 

Varied, in different experi- 
ments, from 0 -0004 per cent. 
to 0-0012 per cent. 


patches of white deposit were 
observed on unstained portions, 
but no nodules or pits 


No brown film. One small pit at | Less than 0-0001 per cent. 


water-line. No ——- 
deposit of aluminium hydrate 


Slight uniform brown film. Crystal- | Less than 0 -0001 per cent. 


line deposit of CaCO; 
places. Occasional | 0-0004 per cent. 
tches of aluminium hydrate 
t no nod 


and brown 


ules 
Brown film in places, Numerous | Very definite pitting and etching | 0-0005 per cent. to 0-0025 per 
dims in places cent. 


Less than 0-0001 per cent. 

lefinite pit. Crystalline deposit 
of CaCO; 

film in places. Definite | 0-0003 per cent. to 0-002 per 
cent. 








The Influence of Localised Impurities.—In order to test 
the effect of the inclusion of foreign metals in aluminium 
small rivete about 1 mm. in diameter of the metal to be 
experimented with were hammered into holes made for 
the purpose in pieces of aluminium sheet, which were 
then placed in beakers containing tap water. In the case 
of zinc and iron the rivets were seen to corrode deeply, 
whereas the aluminium sheet was clearly protected 
from corrosion ; no signs of pitting or etching appearing 
anywhere on the sheet in the course of a month. When 
a copper rivet was used alumina and gas bubbles rapidly 
formed round each head of the rivet, and at the end of 
two months all the usual signs of pitting were apparent, 
but confined to the immediate neighbourh of the 
rivet heads. A certain it of etching, generally 
distributed, was also observed. 

Inft of Mech l Imperfections.—At first sight 
this result seems to indicate that the presence of more 
electro-negative material such as copper, is responsible 
for pitting, but it was easily proved that the only true 
inference from the two experiments cited is that where 
the aluminium is not protected from corrosion by a more 
electro-positive metal, such as zinc or iron, pitting occurs 
round or in the very small cavities which a well closed 
rivet leaves. Thus, for instance, a sheet of the same 
metal was pierced as for 12 rivets. The holes were then 
closed over almost but not quite completely, by hammer- 
ing. After 24 hours 11 of the 12 points at which holes 
were situated showed signs of corrosion in the form of 
gas bubbles or tufts of alumina. After 14 days 10 of the 
12 holes showed pits and blisters, and these were confined 
to the holes, the rest of the sheet being unattacked. 
The results obtained by this method were not always 
absolutely definite; in | ems no doubt, owing to the 
experimental difficulty of hammering over a small hole 
accurately, but in also to various factors, some of 
which it was possible to eliminate. Thus, for instance, 
on several occasions some of the “ closed-over” holes 
became centres of pitting, but others did not. It was 
thought that points at which attack was proceeding 
actively might well protect other points from attack. 
To eliminate this factor a number of sheets were pierced 
each with twelve holes, and the holes closed over as 
before. Before immersion the sheets were cut, each into 
twelve pieces, so that every piece contained one “ closed- 
over’’ hole. On immersion every hole showed the usual 
signs of pitting within 48 hours. In order to eliminate 
the possibility that the pitting might be due to the work 
done on the aluminium during the hammering over of 
the holes, further pieces of sheet were hammered to the 
same extent at 12 points without previous perforation. 
Such sheets showed, on immersion, generally distributed 
pitting, no localization at the hammered points being 
discernible. Moreover, other sheets which had been 
pierced and hammered over w annealed before 
immersion, and in these the pitting was confined to the 
*elosed-over’’ holes. It may be added that when 
sheets containing such artificial cavities which had been 
allowed to corrode were dried, whether at ordinary tem- 
perature or at 100 dee. C. and then re-immersed, corro- 
sion started again at the same points. 

Nore.—That corrosion starts more readily at a cavity 
than elsewhere in a sheet may well be due to the ter 
ease with which h: gen appears to be li from 
such a cavity. If, for instance, aluminium containing 
‘* closed-over ’’ holes be immersed in a very dilute solu- 
tion of sulphuric acid and a very small current passed, the 
aluminium being the cathode, hydrogen is liberated 
almost entirely from the holes. 

\ The Bffect of the Composition of the Water.—The experi- 








their concentrations being identical with those given 
above, and in addition solutions of various combinations 
of the salts in the proportions in which they occur in the 
laboratory tap-water. Solutions of the salts and mixtures 
of salts stated in the table were tested. In addition to 
the usual observations, the amount of hydrogen peroxide 
formed was estimated. It should be noted that, in the 
writers’ opinion, the actual presence of H2O2 is doubtful 
where the amount found was 0-0002 per cent. or less. 
As far as the corrosion of aluminium is concerned, the 
experiments described establish the identity of tap- 

















carbonic acid was present ‘to form the bicarbonates, 
With carbonates pitting was practically confined to the 
water-line, where bly additional CO2 was absorbed 
from the atmosp . Solutions of HCl or HCl + CoO, 
also falled to produce either pitting or etching, but 
naturally dissolved considerable quantities of aluminium. 

The table in the preceding column gives data with 
other solutions, and of experiments made with normal 
carbonates in place of bicarbonates, the concentrations 
used being, wherever possible, the same as before, 

Tue Propucts oF THE CORROSION OF ALUMINIUM. 

Hydrogen Peroxide.—The formation of hydrogen 

roxide during the corrosion of aluminium by water has 
ain observed by others. In earlier sections of the 

resent work this phenomenon has been referred to 
requently, and it only remains to cite a few of the 
experiments made to confirm the gradual increase of the 
hydrogen peroxide content of the water and its ultimate 
limitation. Two forms of experiments were adopted. 

In the first small sheets of aluminium, about 10 c.m. 
+ 6 cm., were immersed in 300 c.c. of water, the ratio of 
metal surface to the volume of the water being 0-4 cm.2 
to lc.c. In the second a long strip of aluminium sheet 
was wound into.a coil and similarly immersed. This 
arrangement gave 1-3 cm.2 of aluminium surface to 
1. c.c, of water. 

The following experiment with tap-water may be cited 
as typical. It shows the greater amount of hydrogen 
peroxide formed when a slow current of oxygen — 
through the water, and also the variations on different 
days. The surface of the aluminium exposed was 0-4 
em.2 to | c.c, of water. 








Water hg with 
oa Alone. Pasing. 
per cent. per cent. 
Hydrogen peroxide present after 0-0005 0 -0013 
24 hours on various days y 0 -0006 0 -0009 
0 -0008 0-0011 











The following experiment shows the gradual increase 
in the hydrogen peroxide content of the water and its 
ultimate limitation. The surface of the aluminium ex- 
posed was 1-3 cm.2 to 1 c.c. of water. Oxygen was 
passed during the experiment. 


Per cent. 

Hydrogen peroxide content after 3 hours... 0-0020 
” » » oy 2h 55 «ee 0°0048 

” > ” ” 48 ” 0-0068 

” ” ” ” 72 ” 0-0080 

” ” ” %* 168 ” 0-0092 

” ” ” ” 120 ” 0:-0083 


Comparative experiments were made between fresh 
tap-water and the same water to which a few thousandths 
of 1 per cent. of hydrogen peroxide had been added, and 
in every case the latter water was found to be very much 
more active. Similar results were obtained by com- 
paring fresh tap-water with a sample of the same water in 
which aluminium had previously been allowed to corrode 
under conditions favouring the formation of hydrogen 
peroxide. Finally, experiments were made with more 
concentrated solutions of hydrogen peroxide. A small 
quantity of a solution containing 4-8 per cent. of hydro- 
gen peroxide was prapenee by redistilling a 1 per cent, 
solution under reduced pressure. It was found to be free 
from the usual impurities (chlorides, sulphates, phos- 
phates, free acid). The concentrated solution was placed 
in a “Duro glass “ flask which has been well-steamed 
out. On a strip of aluminium placed in the same flask 
circular patches of gas bubbles formed within a few 
minutes. These patches increased rapidly in size until 
the whole surface of the metal was covered. After 24 
hours regular evolution of gas from the surface of the 
metal was observed, and the solution was seen to contain 
a 











CaCO; within 1 hour. After Aluminium hydrate 
24 hours no sign of and gas at lower 
local attack corners of strip where 
in contact with the 


a) 


- CaCle + 
CaCO; 
. Na2CO; oe 


glass. 
In all respects identical | In all respects identical 
with a with a 


A uniform brown film 
within 30 minutes. 
No sign of local to 
attack after 24 hours. 
Solution quite clear. 


~ 


cipitation of 

dissolved alumina by 

atmospheric COe2. 
No sign of local 
ttack 


a 4 
Film as in y, but in 
addition one pit near 


o 


. NapgCOs; +)| Identical with y 
Nacl 


the liquid and corro- 
sion at bottom 
corners, as in a and £, 











* This is a phenomenon frequently met with in laboratory 
corrosion e ts with . The writers ascribe it to 
the concentration of the products of corrosion at points where 
circulation is restricted. 


water and solutions containing both sodium chloride 
and calcium bicarbonate. The possible corrosive agents 
in tap-water are therefore confined to the possible com- 
binations of hydrochloric and carbonic acids with sodium 
and calcium. Experiments made showed that solutions 
containing both acids in combination with either base 
were indistinguishable from tap-water when sufficient 











the upper surface of | 


| 





lent aluminium hydrate. After seven days exten- 
sive corrosion of the metal was apparent. The aluminium 
hydrate formed was seen to contain fragments of metallic 
uminium produced by the bursting of blisters and dis- 
integration of the metal. These observations confirm in 
@ general way those of Droste.* ae 
The gases evolved during the attack on aluminium of 
tap-water containing 0-1 per cent. of hydrogen peroxide 
were cursorily examined. During the first 24 hours 
they consist apparently of almost pure oxygen. There- 
after explosive mixtures of amy 9 and oxygen are 
evolved. At the end of seven days the gas being evolved 
is almost exclusively hydrogen. ‘ 
Aluminium Hydrate-—No experiments were made with 


Hydrogen. 
Solution. Observation after Peroxide 
Seven Days» Produced. 
1. Nacl «+| As already described. No | 0-0005 per cent. 
Levey 
2. CaCle .-| Similar to NaCl ne --| 0-0003 per cent. 
8. Calcium Already described. No | Less than 0-0001 
bicarbonate pitting r cent. 
4. NaHCO; Uniform brown films. No wi 
alumina, No ie O 
5. NaCl + Already described. Definite | 0-0005 per cent. 
Ca(HCOs3)p corrosion of both types 
6. CaCle + Irregular brown film. De- | 0-0004 per cent. 
Ca(HCO3)p oa corrosion of both 
ypes. 
7. NaCl + Irregular brown film. De- | 0-0004 per cent. i 
NaHCO; finite corrosion of both 
types 
Observation. 
Solution. 
After 24 Hours. After Seven Days. 
a. NaCl + A uniform brown film | Pitting at water-line. 


ht film on surface of | this material,but its effect in retaining the other products 
liquid due no doubt | of corrosion was simulated in the following manner. 


Small discs of filter-paper were placed on aluminium 
sheets and covered by aluminium discs of similar size. 
The discs were kept in place by aluminium clips. The 
whole was then imm either vertically or horizontally 
in various solutions: Apart from the areas covered by 
the filter-paper attack was very seldom observed. 1 he 
parts so covered were always deeply attacked, and it was 
noted that when the samples were sus ed vertically 
the corrosion was most marked near the lower edge of 
the dise.t Similar « i ts have been made with 
very dilute solutions of acetic acid containing 0-1 per 
cent. of the acid (cf. Seligman and Williams $). Here the 
localization of attack to the areas covered was very 
marked. In some cases the sheet covered was almost 
perforated, without any sign of corrosion appearing 
elsewhere 


. 





* Droste, Chemiker-Zeitung, 1913, vol. xxxvii, page 
1317. 
, Bengough and Hudson, loc. cit., page 61. 
Mp: 4 i eon Williams, Journal of the Society 
ot Uhemical dustry, 1917, vol. xxxvi, page. 409. 


